age was 57 years (range 22-87 years). There were 32 intraand 8 extra-articular fractures. A removable custom splint was applied 2 to 5 days post-op. Grip and pinch strengths and radiologic measurements-radial height, radial inclination, and palmar tilt-were recorded postoperatively at designated intervals. The Patient Rated Wrist Hand Evaluation (PRWHE) and Disabilities of the Arm, Shoulder and Hand (DASH) were used for subjective outcome analysis. Results Radiologic measurements were maintained throughout healing. Mean wrist range of motion (ROM) at 4 weeks post-op revealed dorsiflexion 53%, volarflexion 41%, pronation 85%, and supination 55% and, at 1 year, dorsiflexion 95%, volarflexion 87%, pronation 97%, and supination 96% compared to the contralateral side. Mean grip strength at 6 months was 79% of the contralateral side and 100% at 1 year. Lateral and precision strengths were 87.5% and 80% at 6 months and 100% and 89% at 1 year, respectively, compared to the contralateral side. DASH scores revealed a clinically significant improvement in physical function at 4 and 12 weeks and 1 year. Mean PRWHE was 21 at 6 months and 10.8 at 1 year. Conclusion The CPX System is a minimally invasive surgical technique for the stabilization of extra-and intraarticular displaced reducible or non-displaced DRF. This technique affords the patient a removable splint for early wrist ROM and activities of daily living with maintenance of radiologic measurements.
Introduction The long-term outcome after scaphoidectomy and four-corner fusion (FCF) has received limited investigation, and few studies have included patient-rated outcome measures. The purposes of this study were to examine the long-term outcome after FCF with respect to patient-rated outcome measures and to investigate the effect that the method of fixation, age, follow-up period, and radiographic parameters have upon outcome measures. Methods A retrospective review identified patients that underwent a scaphoidectomy and FCF between February 1976 and August 2003. The Disabilities of the Arm, Shoulder and Hand (DASH), Patient Rated Wrist Evaluation (PRWE), and a pain survey were completed by 84 patients. The mean outcome measure follow-up was 9.6± 5.7 years. Outcome measures were compared to method of fixation, age, follow-up period, and postoperative capitolunate angle. The correlation between outcome scores was examined. Union rates were evaluated and compared based upon fixation type. Statistical analysis was performed with significance set at alpha less than or equal to 0.05. Results The mean DASH score was 23 (SD 19) , and the mean PRWE score was 27 (SD 22) . Eighty-four percent of patients reported decreased pain, while 62% still had some degree of pain. There was a significantly higher PRWE score (more impairment) associated with dorsal circular plate fixation compared to non-plate fixation. There was also a significant decrease in PRWE score with longer follow-up time. The DASH and PRWE scores correlated well. There were no significant differences in nonunion rates with respect to type of fixation. Conclusion Although higher PRWE scores were significantly associated with circular plate fixation, we were not able to detect a difference in union rates between circular plate fixation and other methods of fixation. The PRWE was able to detect significant findings compared to the DASH and should be considered when evaluating patients with isolated wrist dysfunction.
Reconstruction of the TFCC Using ECU Half-Slip and Interference Screw
Institution where the work was prepared: Department of Orthopaedic Surgery, Keio University, Tokyo, Japan Toshiyasu Nakamura, MD, PhD; Kazuki Sato; Noriaki Nakamichi; Yoshiaki Toyama; Hiroyasu Ikegami; Keio University
Purpose Since 1998, we treated 33 wrists of ulnar detachment of the triangular fibrocartilage complex (TFCC) by reconstruction technique using a half-slip of the extensor carpi ulnaris (ECU) tendon with a very small interference screw. We described the technique of the reconstruction and examined our clinical results of the procedure. Techique This technique was indicated to the severe distal radioulnar joint (DRUJ) instability cases with the avulsion of the TFCC from the ulnar fovea. The ECU half-slip was harvested and was induced inside the TFCC from the dorsodistal artificial slit of the TFCC to the fovea area. The half-slip was tightly sutured to the remnant TFCC, then pulled out through the bone tunnel that was made at the center of the fovea by a 2.5-mm diameter drill. The ECU half-slip was subsequently anchored to the ulnar fovea with the small interference screw (Figure) . A 2-week long arm cast was done, followed by 3 weeks of short arm cast. Patients and Methods There were 21 right, 10 left, and 1 bilateral wrist with an average age of 35.8 years (range 13-68). All complained of ulnar-sided wrist pain and severe DRUJ instability. The neutral ulnar variance was indicated in 26 wrists and positive in 7. In the positive variance wrists, the ulnar shortening equalized the abutment before the reconstruction. Periods from initial injury were 1 month to 48 years. Diagnosis of the TFCC avulsion was done by arthrogram and magnetic resonance imaging. Radiocarpal arthroscopy could demonstrate loss of trampoline effect in all wrists. DRUJ arthroscopy revealed detachment of the radioulnar ligament origin at the fovea in 13 recent cases. Clinical results were evaluated by pain, range of rotation, and DRUJ instability.
Results At final follow-up (average 21.5 months), 26 wrists indicated no pain, and slight pain remained in 7 wrists. Complete restabilization of the DRUJ was noted in 30 wrists; however, there remained moderate DRUJ instability in two wrists. Severe DRUJ instability remained in one wrist. There were 21 excellent, 8 good, 2 fair, and 2 poor results.
Conclusion This reconstruction technique represented real anatomical reattachment of the TFCC to the ulnar fovea, which induced excellent DRUJ stability and clinical result. When the TFCC was detached from the fovea completely and condition of the distal remnant TFCC was relatively secured, this technique is promising.
Expression of TGF beta and IL-10 in Rat Hindlimb Composite Tissue Allografts
Institution where the work was prepared: Plastic Surgery, Southern Illinois University School of Medicine, PO Box 19653, Springfield, IL, USA Damon Cooney, MD, PhD, Chris Champers; Michael Neumeister Composite-tissue allografting is, in many ways, an ideal solution to many of the problems of reconstructive surgery. The major drawback of this technique is the need for immunosuppression and the possibility of rejection. The induction of immunological tolerance has been seen as a critical step in the protection of allogenic tissue from rejection. We propose a novel approach to the induction of allograft tolerance by modifying the allograft itself. In vitro experiments have demonstrated the ability of cytokines including interleukin-10 (IL-10) and transforming growth factor (TGF) beta to produce CD4+, CD25+, and foxp3-expressing cells T "regulatory" cells (Treg). These cells may be able to reduce or stop the rejection of the transplanted material. By expressing these molecules in the composite tissue allograft, we will promote the production of Treg cells specific to the allograft without disturbing the function of the immune system in the rest of the host animal. The long-term goal of this project is to determine the effect of the over-expression of the cytokines TGF beta and IL-10 on the rejection of hind limb transplantation in rats. The first step necessary to achieve this goal is the generation of adenoviral expression vectors and expression in a composite tissue allograft model. We have created vectors containing green fluorescent protein (GFP) alone, TGF beta, IL-10, and TGF beta and IL-10 combined using the AdEasy adenoviral expression system. The transfection conditions are optimized by establishing a time-course of GFP expression. Conditions that yield optimal GFP expression are utilized for the remainder of the experiments. Using these conditions, the viral vectors containing the TGF beta and IL-10 genes are expressed and expression verified with immunohistochemical staining of biopsies taken from the transduced limbs. We demonstrate the expression levels and location of GFP, TGF beta, and IL-10 using immunohistochemistry. This demonstrates the ability to over-express cytokines of interest within the transplanted hind limb and describes the tissue distribution of expression. With the ability to express our target cytokines within the transplanted hind limb, future studies will determine the effect they have on allograft rejection. Transplants will involve transplantation of a limb from a donor Lewis rat onto a Brown Norway recipient rat. The effect of over-expression of TGF beta and IL-10 on tolerance and rejection will be investigated. The ultimate goal of these studies is the development of a means of inducing composite tissue allograft tolerance in humans.
& The specimens then underwent PRC, and the experiment was repeated with SuperLow and Low Fuji film. & The film was scanned and analyzed with a customized MATLAB program to determine contact pressure, area, and location. & Multivariable analysis of variance with multiple contrast testing as well as t-tests were performed.
Results
& Average pressure significantly increased 320% to 400% after PRC (p<0.05; Fig. 1 ). & Contact area significantly decreased by 45% to 65% after PRC (p<0.05; Fig. 2 ). & During flexion and extension motion, the capitate in the PRC wrist translated (7.5 mm; SD 2.5 mm) 150% more than the lunate (4.9 mm; SD 1.3 mm; p<0.05) and 130% more than the scaphoid (5.6 mm; SD 2.0 mm; p= 0.09) in the intact wrist ( Fig. 3 ). Fig. 1 Average pressure significantly increased 320-400% after PRC. Fig. 2 Contact area significantly decreased by 45% to 65% after PRC. Summary This study proves, for the first time, that there is a statistically significant increase in contact pressure and decrease in contact area after PRC. Even though the PRC wrist is biomechanically disadvantaged (high pressure and small contact area), multiple long-term clinical studies have shown minimal degeneration of this joint over time [1, 2] . Imbriglia previously hypothesized that its relatively good outcomes and preservation of articular integrity may be caused by the translational component of its motion [3] . This study provides quantitative proof of this theory, revealing increased translation of the PRC wrist when compared to the scaphoid and lunate.
Introduction This study reports the outcome of distal radius fractures (DRF) treated with cross-pin fixation and a nonbridging external fixator, the CPX System. Methods Thirty-eight patients (27 women, 11 men) with 40 displaced DRF were treated with the CPX System. Average
Purpose To compare the use of two biplanar-angled radiographs versus standard posteroanterior (PA) and lateral radiographs in determining preservation of the articular space with regard to pin placement in the distal radius.
Methods A series of five cadaveric forearms were evaluated radiographically at various combinations of inclination (pitch) and clockwise/counterclockwise rotation (roll) to determine which provided the best view of the distal radius articular surface. Then, smooth K-wires were placed into the distal radii, stopping proximally to penetrate the subchondral bone, and the radiographic series was repeated. Optimum visualization of the articular surface presented at 12°i nclination plus 15°counterclockwise rotation for the PA view and 22°inclination and 15°counterclockwise rotation for the lateral view. Finally, ten cadaveric forearms were dissected, and ten K-wires were placed at specific surfaces of the distal radius. The articular surface was penetrated, then each K-wire was countersunk 2 mm below the chondral surface, so all K-wires resided within the subchondral bone. Each forearm was radiographed in four views: PA, lateral, pitch-and-roll PA (PR-PA), and pitch-and-roll lateral (PRlateral) . Four blinded reviewers evaluated these radiographs; a board-certified orthopedic hand surgeon, a board-certified orthopedic surgeon, and a fifth year and a third year orthopedic resident. For each radiograph, reviewers marked whether they were certain (value=1), relatively certain (value=2), or uncertain (value=3) that the K-wires did not penetrate into the articular space. The data were then analyzed using logistic fit of uncertainty for each view, and intra-observer reliability was calculated using a contingency chi-square.
Results Reviewers demonstrated significantly less uncertainty about intra-articular penetration (p<0.005) with both the PR-PA and PR-lateral views (mean 2.48 and 2.45) compared with standard PA and lateral views (mean 2.6 and 2.83). In addition, there was significant intra-observer reliability (p= 0.0001) between the two board-certified orthopedic surgeons, but no significant agreement or disagreement was found with the orthopedic resident reviewers. Discussion The biconcave nature of the distal radius makes it extremely difficult to visualize placement of hardware with respect to the articular surface using standard radiographs. The use of PR-PA and PR-lateral views significantly improves the surgeon's ability to judge the position of the hardware in the distal radius when compared to standard radiographic views, thus allowing for more meaningful clinical decision in postoperative radiographs. In addition, accurate radiographic evaluation of the distal radius is a skill that requires practice and experience for consistency.
Repair of Distal Radial Malunions with Intramedullary Fixation
Institution where the work was prepared: UMDNJ-NJ Medical School, Newark, NJ, USA John Capo; Damon Ng, MD; Tosca Kinchelow, MD; Virak Tan, MD; UMDNJ-NJ Medical School
Purpose To evaluate the effectiveness of using an intramedullary implant combined with osteotomy and grafting for treatment of distal radial malunions.
Methods Eleven patients with healed distal radial malunions had surgical correction of their wrist deformities at an average of 7.6 months after the date of the original fracture. They were all treated with osteotomy, grafting, and fixation with an intramedullary implant. The implant is available in varying sizes and contains three fixed angle screws distally and two locking bolts proximally. Bone graft was taken from the iliac crest in six patients, locally from the distal radius callous in four patients, and was an injectable calcium-sulfate paste in one. There were ten dorsal malunions and one volar malunion. Radiographic exam before the osteotomy revealed an average radial inclination of 20°and an ulnar length of +3.5 mm. The volar tilt for the dorsal malunions averaged −13.1°(apex volar), while the volar malunion measured +28°(apex dorsal). Postprocedure, the patients were immobilized with a short arm cast or splint for an average of 4 weeks, and then, they began the range-of-motion exercises. Results All 11 of the patients were healed of their osteotomies at an average time period of 7.8 weeks after surgery. Physical exam, at an average follow-up of 6.1 months, showed wrist flexion of 46°, extension of 59°, forearm supination of 75°, and pronation of 80°. Radiographs post-procedure showed a correction of alignment to the following average values: volar tilt of 2.2°, radial inclination of 22.6°, and an ulnar length of 0.4 mm ulnar positive. There were no cases of nerve injury or tendon irritation, and grip strength averaged 67% of the contralateral side.
Conclusion Treatment of distal radial malunions with an intramedullary implant combined with osteotomy and bone grafting is a viable treatment option. The intramedullary position of the implant aids in realigning the anatomy and appears to minimize tendon and hardware problems.
Introduction The purpose of this study is to evaluate a technique for surgical repair of ulnar-sided triangular fibrocartilage complex (TFCC) tears. We produce a cadaver model for the complete tears of the TFCC at its insertion into the distal ulna.
Materials/methods Our model includes a complete detachment of the triangular fibrocartilage complex from the fovea and the ulnar styloid. The lesion is repaired using two different techniques: standard arthroscopic technique for repair of peripheral TFCC tear and transosseous pull-out technique for reattachment of the TFCC into the fovea and the base of the ulnar styloid. Biomechanical testing consists of measuring the anteroposterior (AP) translation of the radius with respect to the ulna when a load of 10 lb is applied to the specimen reproducing the well-known piano-key test. Testing is done in the intact specimen and is repeated in the same specimen after the TFCC has been released entirely from its ulnar insertion. Mechanical testing is then repeated after standard arthroscopically assisted repair and, finally, in the specimen after a transosseous repair. Translation of the radius with respect to the ulna was measured in three positions of forearm rotation: neutral, full pronation, and full supination. A stability index is developed to reflect the amount of AP translation of the radius with respect to the ulna. The clinical series consists of 12 patients followed prospectively for a minimum of 12 months postoperatively. There is no comparison made to a similarly matched group undergoing a standard repair. All patients had a magnetic resonance imaging diagnosis of ulnar-sided avulsion of the TFCC confirmed on arthroscopic evaluation. Results In all instances of our laboratory testing, the stability index was higher after the transosseous repair. The stability index was 10% to 30% higher after transosseous repair than standard repair. In our clinical series, all patients, except one, were asymptomatic and had returned to their pre-morbid activity. There was one failure in a college athlete who developed recurrent symptoms 4 months after returning to competitive swimming. This particular patient has a very significant ulnar minus variant (−4 mm), and that anatomic variant may limit our ability to repair the TFCC.
Conclusion In the cadaver model, we were able to demonstrate significantly improved stability with a transosseous repair, and our clinical series show consistently good outcomes sufficient to warrant further investigation.
Introduction The purpose of this study was to evaluate the clinical utility of wrist arthrodesis as a salvage procedure for failed total wrist arthroplasty (TWA). Arthrodesis can be a successful salvage procedure for failed wrist implant arthroplasty.
Methods Between 1980 and 2006, 20 patients were identified as having undergone wrist arthrodesis for salvage of a failed TWA. Data collected included: implant type, mode of implant failure, revisions before arthrodesis, method of fusion, the use of allograft or autograft bone at the time of fusion, rate of union, clinical outcome, and patient satisfaction. Results Twenty wrists in 12 women (80%) and four men (20%) underwent TWA at an average age of 56 years (range, 40-78). The average time from the index arthroplasty to wrist arthrodesis was 8.4 years (range, 7 months-20 years). The average follow-up was 4.1 years (range, 2 months-21 years). The mode of failure in the majority of wrists were loosening, migration, or instability (n=12, 70%). Three patients (15%) underwent removal of the components caused by infection. Three wrists had undergone a total of four revisions before the index salvage procedure. The method of fixation for arthrodesis included: Steinmann pins in ten (50%) wrists, plates and screws in six (30%), staples in two (10%), external fixation in one (5%), Steinmann pins and staples in one (5%). Allograft bone was utilized in 11 (55%) wrists and autogenous bone in nine (45%). Overall, ten (50%) wrists achieved radiographic union, seven (35%) had a pseudarthrosis with minimal to no pain, and three (15%) had a nonunion. [1] [2] [3] [4] Grip strength: Pre-op-65 lbs or 62% of the contralateral; post-op-74 lbs or 71% of the contralateral (p>0.05)
Grip strength in previous studies: DiDonna 91%, Imbriglia 80%, Jebson 83%, Tomaino 79% [1] [2] [3] [4] Mayo wrist score: Pre-op-51=poor result; post-op-68=fair result (p=0.01) Hypothesis Recent reports suggest that circular plate fixation for scaphoid excision and limited wrist fusion is inferior to traditional methods. While implicating the circular plate implant as the major cause of complications and failure, these studies failed to control important variables including the source of bone graft, surgical technique of multiple surgeons, and patient factors that may have influenced the selection of the implant. The purpose of this study is to compare the clinical outcome, union rate, and complications of scaphoid excision and limited wrist arthrodesis performed by a single surgeon using distal radius bone graft and K-wires or distal radius bone graft and circular plate fixation. Methods A sequential series of 12 wrists (11 patients) that were stabilized with temporary K-wires were compared to 12 patients who were stabilized with a circular plate. Minimum follow-up was 1 year. One patient in the K-wire group was converted to a wrist fusion. Six of the remaining 10 patients in the K-wire fixation group and 8 of the 12 patients in the circular plate fixation group returned for the following blinded evaluations: quick DASH, analog pain scale, range of motion, strength measurement, plain x-ray, and multi-detector computed tomography evaluation. Results/Statistics Data were analyzed using SPSS® 14.0. The independent measures t-test was used for functional tests, two-factor analysis of variance procedure for range of motion (ROM) and strength parameters, and Pearson correlation was used to assess the capitolunate angle with ROM. Power and appropriate measures of size effect were determined where indicated.
One nonunion occurred in the K-wire group. There were no nonunions in the circular plate fixation group. There was no difference in any of the remaining measures or rate of complications.
Cost analysis, assuming a return to the operating room for K-wire removal, reveals an overall cost of care savings of $1,975 using circular plate fixation. Summary point Based on this sequential cohort with careful control of non-implant-related variables, the use of a circular plate device is equivalent in efficacy and more cost effective than K-wires for scaphoid excision and limited wrist fusion. We review the results of 100 patients with distal radius fractures treated surgically by the volar approach and fixation with fixed-angle volar plate, since March 2002 to December 2005. The indications were instability only (17%), instability and articular displacement (72%), articular displacement only (5%), contralateral upper limb fracture (3%), and refusal of nonoperative treatment by the patient (3%). There were 58% women and 42% men, age was 46.8 years (11 to 81 years). Radiographic average results after surgery show dorsal tilt of -8°(2°to −18°), radial inclination of 19°(−8°to 24°), radial shortening of 0.5 mm (0 to 6 mm), and articular surface displacement of 0.13 mm (0 to 1 mm). Compared to the contralateral wrist, we found the dorsal tilt correction of 97% (70% to 100%) and radial inclination correction of 95% (65% to 100%). The flexion-extension range of motion was 144°again 147°of the oppositive side (98% of the normal range of motion [ROM]), pronation-supination ROM was 176°a gain 177°of the contralateral limb (99% of the normal ROM), and radial-ulnar deviation of 41°again 45°of the other wrist (91% of the normal ROM). Accordingly, Gartland score found 86% excellent, 10% good, and 4% fair results. There were two infections and two patients with loosening of reduction. Fracture healing occurs at an average 8 weeks time in all patients. We consider the volar approach and fixation with volar fixed-angle plates the best treatment choice for fractures of the distal radius when surgical treatment is indicated. This can lead to lower rates of complications and improved functional and radiographic results compared to other techniques. Methods An unstable extra-articular distal radial fracture was simulated using a sawbones foam model by excising a 5-mm dorsal wedge 2 cm from the distal articular surface. Group 1 specimens (n=5) were fixed with a locking volar plate (DVO, Indiana, USA) with the plate flush against the specimen. In Group 2 (n=5), the plate was fixed with a 4-mm standoff from the distal metaphysis. The specimens were vertically loaded to failure at the rate of 0.1 mm/s using a servo-hydraulic machine (MTS Systems, Minnesota, USA), and the stiffness, yield point, and load to ultimate failure were recorded.
Results Axial loading resulted in fracture collapse followed by fixation failure at the most proximal screw hole. The point of initial yield was similar in both groups (group 1: 562 [+26] N; group 2: 549 [+48] N). The specimens in group 1 failed at a higher ultimate load of 1,337 (+162) N compared to 1,179 (+246) N in group 2, but this difference did not reach statistical significance. The specimens in group 1 were significantly stiffer at 485 (+79) N/mm versus 366 (+55) N/mm in group 2 where the plate had a 4-mm standoff (p=0.026).
Method Failure to seat a volar plate flush against the radius metaphysis reduces stiffness and may clinically result in fracture collapse with early mobilization. Newer plate designs that utilize alternative locking technology instead of threaded plate holes such as the "CoverLoc" plate may be advantageous, as they allow plate compression against the metaphysis during screw insertion.
Introduction Contracture is a common sequela of elbow trauma that often responds poorly to conservative management, even in the pediatric and adolescent patient population. The literature concerning results of surgical management in this group is limited and has suggested a less favorable outcome compared to adults.
Purpose To present our experience with surgical treatment of posttraumatic elbow contractures in adolescents using a consistent management protocol. Materials/methods Our records were retrospectively reviewed to identify adolescent patients that underwent open release of posttraumatic elbow contractures. Charts were reviewed for data concerning age, initial injury, prior management, and surgical procedure performed. A modified lateral column approach was utilized in all cases to perform an anterior joint release, as well as additional posterior release if necessary. Medial-sided pathology was addressed through a separate medial approach. Supervised therapy was initiated within the first postoperative week. Introduction We have previously demonstrated that gene expression levels of matrix metalloproteinases (MMPs), related metalloproteinases (ADAMTSs), and tissue inhibitors of metalloproteinases differ when comparing palmar fascia from 20 patients with Dupuytren's disease (DD) to 20 disease-free controls (carpal tunnel syndrome) [1] . Materials/methods All of the patients with DD were followed up for at least 12 months from their primary fasciectomy. Clinical outcome was scored by measuring range of movement to assess total extension deficit (fixed flexion deformity of the affected digit), total further flexion and grip strength. Three validated outcome scores, the Disability of Arm, Shoulder and Hand, Michigan Hand Questionnaire, and the Vancouver Scar Scale, were also used.
Results There was a significant correlation between levels of gene expression of several of the MMPs and ADAMTSs and the change in total extension deficit. Interestingly, all of these genes were upregulated in DD samples compared with controls.
In particular, greater expression levels of MMP-13 (collagenase 3), MMP-14, and ADAMTS-14 (procollagen N-propeptidase) were correlated with greater extent of recurrence. Conclusion/clinical relevance These findings suggest that gene expression levels of certain key MMPs and ADAMTSs could be used to predict the recurrence of fixed flexion deformity of the affected finger after fasciectomy for DD at 1-year follow-up. This study, therefore, provides further evidence to support the link between metalloproteinase activity and DD progression.
Introduction Severe crush traumas, unfortunately still happening very frequently, are in many cases accompanied by great tissue defects. The question that naturally rises is when and how can we decide to conserve a completely destroyed limb segment? Certainly, there are cases in which the amputation per primam is much more profitable from an economical point of view. The problem is whether a patient will benefit more in the future from a more or less performing prosthesis or from conserving a segment, even with the price of a reduction in functionality. Because the majority of patients choose the second possibility, in our service, we established a protocol concerning the when we should try to preserve the crushed segment. The study in this paper is based on our experience on more then 450 cases. Materials and method In the last 10 years, we treated in our service more then 450 cases with severe crush injuries of the upper limb, including complete and incomplete amputations, large soft tissue destructions, and extensive bone defects. We performed amputation from the beginning in only five cases. In the remaining cases, we tried to preserve the crushed segments. In more then half of them, we proceeded to an emergency all-in-one reconstruction, and in the remaining cases, we reconstructed and covered the tissue defects after 24-48 h. In covering the tissue defects, we used different types of free or local flaps, mostly perforator flaps.
Results The postsurgery evolution of the five cases when we amputated per primam was without incidents. We lost only two replanted segments, the rest being fully integrated; the sooner we performed the reconstruction, the better the results were and the lower the degree of bacterial contamination.
Conclusions Although there are still many discussions regarding the abandonment or the preservation of the severely crushed limbs, considering the modern techniques of reconstruction and covering with flaps, we think that, even when we are dealing with highly destroyed segments, we should try first to preserve them. Summary DW soft tissue distraction followed by operative release showed greater correction of the contractures than CRLR for both primarily treated and reoperated groups. Preliminary soft tissue distraction is particularly effective in contractures greater than 60°. In reoperated digits, the CRLR technique is more likely to worsen than improve the PIP joint contracture. Use of the DW obviated the need for a FTSG for wound closure in reoperated digits.
The Spiral Flap for Fingertip Resurfacing: Short-and Long-Term Results
Institution where the work was prepared: Singapore General Hospital, Singapore, Singapore Gale Lim, MBBS, MRCS, MMed; Andrew Yam, MBBS, MRCSEd, MM; Jonthan YL Lee, MBBS, MRCSEd, MM; Lc Teoh, MBBS, FRCS, FAMS; Singapore General Hospital
Purpose We describe a new homodigital neurovascular island flap for reconstructing large pulp defects of the fingertips and review the short-and long-term appearance and function of the reconstructed fingertips. Methods The "spiral flap" is a homodigital neurovascular island flap with a unique spiral advancement and transposition design that allows pulp reconstruction using sensate glabrous skin while restricting donor morbidity to the injured digit. Thirty-two fingertips were resurfaced using this flap. All had large volar unfavorable pulp defects averaging 1.2 cm wide×2.0 cm long (1.0 to 2.0 by 1.5 to 2.5 cm). Short-term results for all patients at a minimum of 6 months and long-term results for ten patients with a follow-up of 13.4 years were reviewed. Objective outcome measures included static two-point discrimination, degree of nail deformity (beaking), total active motion, and hypersensitivity or cold intolerance. Subjective outcome measures included patient satisfaction with function and aesthetics, using a Visual Analog Scale for Pain. Results All flaps achieved primary healing with no complications. There was initially a mild extension deficit in the PIP and DIP joints, which improved to full range of motion in the long term. Sensory recovery was excellent with an average two-point discrimination of 5 mm initially, improving to 3.7 mm in the long term. Nail beaking was minimal initially, but increased significantly in the long term. These results may be explained by soft tissue remodeling. All patients on long-term follow-up were highly satisfied with both aesthetic and functional outcomes. There was no hypersensitivity or cold intolerance at either the short-term or long-term follow-up assessments.
Conclusion The spiral advancement-transposition flap is suitable for resurfacing large pulp defects with excellent shortand long-term functional and aesthetic results and high patient satisfaction.
Analysis of Limited Wyndell-Merritt Splint for Extensor Tendon Injuries to Hand Immobilization
Institution where the work was prepared: SIU School of Medicine, Springfield, IL, USA Nada Berry, MD; Michael Neumeister; SIU School of Medicine
Introduction The Wyndell-Merritt (relative motion) splint has been used effectively for extensor tendon lacerations.
We have been treating extensor tendon injuries with the yoke splint without wrist immobilization with good clinical results. This study compares range of motion (ROM) of the injured finger to previously published results, as well as ROM for the digits treated with a traditional Wyndell-Merritt splint.
Methods A retrospective chart review was performed for two groups of patients treated over the last 6 years for complete extensor lacerations. Group A was treated with a relative motion hand splint only, while group B was immobilized at the wrist. Both groups of patients were treated with the same method of tendon repair and were initially placed in a static splint. On follow-up, a controlled relative motion splint was fabricated and hand therapy commenced. The ROM figures were collected and analyzed. Two patients in group A were excluded, and one patient was excluded from group B.
Results Fourteen patients were included in group A and seven patients in group B. The average duration of treatment for both groups was 45 days. The average time of motion splint application for group A was 8.8 days postoperatively and 9.8 days for group B. Group A had five index, seven long, one ring, and two small finger injuries that included 1 zone IV, 11 zone V, and 2 zone VI injuries. Group B had three index, three long, and one ring finger injuries that included two zone IV, three zone V, and two zone VI tendon lacerations. The ROM at conclusion of hand therapy was 230.4°and 230.7°of flexion for groups A and B, respectively. The average extensor lag for group A was 7.5°and 10.7°for group B. One patient in each group required tenolysis for the complaint of skin adhesion.
Conclusion Limiting the Wyndell-Merritt splint to the hand and not immobilizing the wrist has produced good clinical results for patients with complete extensor digitorum communis injuries in zones IV through VI. ROM for the patients treated with yoke splint only is the same as those treated with wrist splinting and is comparable to previous studies with a traditional Wyndell-Merritt splint. The extensor lag is better for patients with a mobile wrist. These results support the use of a hand-based relative motion splint for treatment of zones IV, V, and VI extensor tendon lacerations.
Comparison of FiberLoop and Supramid in Zone II Flexor Tendon Repair Using a Cyclic Protocol
Institution where the work was prepared: Cleveland Clinic, Cleveland, OH, USA Aaron Anderson, MD; S. Chase Donnelly; Richard Drake, PhD; Kathleen Derwin, PhD; Jeff Lawton, MD; Cleveland Clinic
Introduction Many suture methods and materials are used for zone II flexor tendon repairs. The ideal repair should be strong enough to allow early range of motion while facilitating tendon glide through the pulley system. The purpose of this study was to investigate the differences in gap formation and failure load between FiberLoop (Arthrex Inc., Naples, FL, USA) and Supramid (S. Jackson Inc., Alexandria, VA, USA) sutures in zone II flexor tendon repairs using a human cadaveric model under cyclic loading.
Methods Twenty paired flexor tendons from human, cadaveric hands were used to test the repair strength of FiberLoop versus Supramid suture. Flexor digitorum profundus tendons were obtained from the ring, middle, and index fingers, transected in zone II, and repaired with either 4-0 FiberLoop or 4-0 looped Supramid suture using a standard eight-strand cruciate repair technique followed by a running epitendinous 6-0 prolene suture. The repaired tendons were then clamped and mounted on a material testing system (MTS, Eden Prairie, MN, USA) preloaded to 2 N and cycled 8,000 times between 2 and 25 N at a frequency of 1 Hz. Specimens were then pulled at a rate of 12 mm/min until failure, defined as either the maximum load or a point corresponding to a drop in load of 10% or more of maximum during the failure test. Suture markers were placed on both sides of the repair site to analyze gap formation across the repair during testing with an optical system. Outcome measures included gap formation at 8,000 cycles and failure load. Statistical differences were analyzed using a paired t-test (p<0.05).
Results No significant differences were found between groups for gap formation at 8,000 cycles (p=0.91). Gap formation averaged 1.7±0.6 mm for Supramid and1.8± 0.7 mm for FiberLoop repairs. There was a trend toward FiberLoop repairs failing at higher loads (p=0.08). Failure load averaged 63.1±11.9 N for Supramid and 70.8±8.5 N for FiberLoop repairs. Conclusion This cyclical protocol approximates the forces seen during the first 6 weeks of an active assisted flexor tendon rehabilitation program. Both FiberLoop and Supramid eight-strand cruciate repairs were able to withstand the cyclical loading with minimal (<2 mm) gap formation. While no statistical difference was found, our data suggest that FiberLoop repairs may withstand higher failure loads, which may make FiberLoop more advantageous in a clinical setting.
Graft-On Flap Method for Fingertip Nail Reconstruction
Institution where the work was prepared: Yuichi Hirase, Saitama, Japan Yuichi Hirase, MD; Saitama Hand Surgery Institute, Saitama Seikeikai Hospital
Introduction The concept of the graft-on flap method is that the palmar side of the fingertip is reconstructed by a palmar finger flap and the nail bed is grafted on the flap. There are two procedures: reattachment surgery for fingertip amputation and reconstruction of fingertip deformity caused by amputation at the nail bed level. Patients: The indication for this method is fingertip amputation at the nail bed level. This method was performed for 36 fingertips as an emergency and 13 fingertips with deformity. Surgical method: The palmar side of the fingertip is constructed with an oblique triangular flap or volar advancement flap. In emergency cases, the nail bed with bone is harvested from the amputated fingertip segment and is grafted on the flap as a composite graft with bony fixation. In cases of established fingertip amputation, the nail bed is harvested from the great toe as a split-thickness skin graft and grafted on the flap, and subsequently, bone grafting is performed from the second toe tip to the fingertip.
Results In 36 emergency cases, all palmar side flaps survived completely, and the composite graft took completely in 25 fingers. In four fingers, the composite graft developed partial necrosis but healed with conservative treatment. Total survival rate including cases of partial necrosis was 80.5%. In seven cases, the composite graft did not take. In 13 fingertips with established deformity, all flaps for palmar side reconstruction survived completely, and nail bed grafts took completely in 11 cases and partially in two cases. Nail bed growth was confirmed in all cases, and a good-shaped fingertip was obtained in almost all cases.
Conclusion The graft-on flap method is simple and more stable than the conventional composite graft in emergency fingertip amputation. As the amputated bone is wrapped with periosteum and the nail bed, if the nail bed is taken and revascularized, bony absorption is rare. The survival rate of the nail bed is more than 80%. On the other hand, in cases of established fingertip deformity, a nail bed graft is easily harvested from the great toe, and the grafting method is the same as for a conventional skin graft. The concept of grafton flap is very versatile for fingertip nail reconstruction.
Deep Inferior Epigastric Artery Graft for Raynaud's Disease
Institution where the work was prepared: Hee Chang Ahn, Seoul, South Korea Hee-Chang Ahn, MD 1 ; Steven Bates, MD 2 ; Scott L. Hansen 2 ; Neil F. Jones 2 ; (1)Hanyang University Hospital, (11 grafts). Ten grafts were for ulnar artery and one for radial artery reconstruction. We evaluated subjective symptom improvement, such as ischemic pain and Raynaud's phenomena, and objective measures, such as angiograms, pre-and postoperative color Doppler vascular flows, thermoscan, and ulceration on the finger tips. All patients received periarterial sympathectomy. The DIEA graft was harvested through a 10-cm transverse incision on the lower abdomen. Vascular anastomosis was performed with 10-0 ethilon sutures. Results After arterial reconstruction, immediate perfusion of the digits was obvious. Patients were evaluated at 6 and 12 months for symptom relief and vascular flow using a Doppler. All patients showed the improvement in the subjective symptoms and wound healing. Doppler evaluation revealed excellent vascular reflow through grafted artery in seven cases, moderate flow in two cases, and scant flow in two cases. Summary Vascular reconstruction with the DIEA graft provided vascular reflow and improved wound healing. Two of 11 (18%) arterial grafts seemed to be narrowed or occluded in postoperative follow-up, although subjective symptoms were improved with rapid wound healing in all cases. We suggest that the DIEA graft has several advantages in donor site morbidity including scar location, good match in size for arterial reconstruction at wrist (proximal) and common digital arteries at the palmar arch (distal), and good long-term patency rates. number of dermal substitutes have become available for coverage of wounds in the upper extremity obviating the need for more complex reconstruction. We report our experience, with the use of AlloDerm and Integra dermal substitutes, in 40 patients (32 adults and 8 children) from 1998 to the present. AlloDerm is a freeze-dried dermal homograft, which provides an acellular matrix of dermal elements (collagen and glycosaminoglycans). Integra is a bilaminar structure with a cross-link bovine collagen with an overlying silicone epidermis. Thick AlloDerm is applied to the soft tissue release site and simultaneously covered with a thin autograft (0.006-0.008 in.). Integra is applied directly to the wound bed, and the patient is returned to the operating room for delayed autografting. Both dermal substitutes are covered with a vacuum-assisted closure device. Forty patients had AlloDerm (55 sites) and Integra (19 sites) applied after hand and upper extremity contracture release (see Table 1 ). Thirty-five of the forty patients had successful wound healing with increased active range of motion to the contracture release site (see Table 1 ). Four patients required additional surgical procedures because of recontracture caused by noncompliance with physical and occupational therapies (two axillas, one elbow, and one wrist), and one patient required additional skin grafting because of a non-healing wound to an elbow release site. The use of dermal substitutes provides a useful reconstructive option for coverage of the hand and upper extremity and prevents the use of other potentially useful donor sites for future reconstructive needs. The use of dermal substitutes also allows an excisional approach to be used and is also useful for coverage of denuded muscle, tendon, or bone.
Treatment of Distal Biceps Ruptures Using a One-Incision Technique and Biotenodesis Screw Fixation: A Preliminary Report on Patient-Oriented Outcomes
Institution where the work was prepared: UMass Memorial Medical Center, Worcester, MA, USA Mark Eskander, MD; Jonathan Eskander; Douglass Weiss; Nicola DeAngelis; UMass Medical School
Objectives Complete distal biceps brachii tendon ruptures are uncommon injuries. This type of injury can be approached by either a one-or two-incision method. Unfortunately, both have associated risks. Moreover, there are a variety of fixation techniques to choose from including biotenodesis screws. The purpose of this study is to evaluate the patient outcomes of a one-incision technique coupled with biotenodesis screws for treatment of distal biceps tendon ruptures. Methods We prospectively followed all patients who underwent surgery with this technique. Data from ten surgeries on nine patients coupled with postoperative questionnaires (Disabilities of the Arm, Shoulder and Hand [DASH] and Short-Form 12 [SF-12]) were collected and analyzed. The surgeries took place from 2005 to 2006 by the same surgeon. The cohort group consisted of employed men at an average age of 44 ranging from 31 to 56 years old. Eight out of the nine patients were right-hand dominant, six were manual laborers, and four out of the ten ruptures were on the right side, and the other six were on the left. There were no intraoperative complications during the ten surgeries.
Results The patients were all seen back at regular postoperative intervals, and our DASH and SF-12 scores were collected at 1 year after surgery. All patients demonstrated a normal range of motion (ROM) with flexion, extension, pronation, and supination except for one. The postoperative mean flexion and supination strength were 5.0±0 and 4.9±0.21, respectively. The postoperative mean DASH, SF-12 Physical Component (PC), and SF-12 Mental Component (MC) scores were 9.91±13.88, 50.65±9.21, and 51.26±9.38, respectively. These values are similar to the normative DASH (10.10± 14.68) as well as SF-12 PC and MC (51.22±8.80 and 50.72± 9.31, respectively) values for the US male population. One patient in our group has additional medical problems affecting overall outcomes. If this patient is excluded, the DASH and SF-12 PC and MC are 7.68±12.68, 53.36± 3.62, and 50.57±9.67, respectively. We noted an overall complication rate of 30% (three of the ten surgeries). The complications included calcific tendonitis with decreased ROM after a partial re-rupture, decreased strength, and numbness along the distribution of the radial sensory nerve. Conclusion There is no consensus in the literature on the best way to treat distal biceps tendon ruptures. Our DASH and SF-12 scores imply that the one-incision approach and biotenodesis screw fixation provide excellent outcomes. Our complications are similar to those reported by other authors and thus demonstrate the safety and effectiveness of this technique for patients who present with distal biceps tendon ruptures. Purpose This study evaluated the tensile strength properties (maximum tensile load, gapping at the repair site, and the pattern of failure) of flexor tendon repaired with barbed sutures. Introduction According to Strickland, an ideal tendon repair should permit easy placement of sutures in the tendon, would allow smooth gliding, have secure suture knots with a smooth junction of tendon ends without gapping at the repair site, create minimal interference with tendon vascular, and have sufficient strength throughout healing to permit early motion of the tendon. The difficulty in satisfying all these criteria by any repair technique is probably reflected in the multitude of repairs described and currently utilized by practitioners. There are many variations in the suture technique of placing core sutures. The described technique includes Bunnel, Strickland, Kessler, modified Kessler, Becker, and modified Becker repairs. Tendon repair ruptures usually occur at the suture knots. Adhesion formation remains the most common complication after flexor tendon repair, despite the widespread use of early-motion protocols. With these factors related to tendon repair failure considered, our department performed a pilot study using barbed sutures to repair lacerated flexor digit rum tendons. Barbed sutures (self-anchoring) have been developed by Quill Medical, in which bidirectional barbs are introduced into a suture that eliminates the need for tying a knot to obtain suture closure. The barbs are designed to grip tissue and obviate the need for tying a knot during tissue approximation. They can pass easily through tissue in one direction, but cannot be reversed, therefore providing knot security. Materials/methods One hundred sixty cadaveric and porcine flexor tendons were harvested and cut. Repairs were performed using 0 or 2-0 barbed nylons and same-sized standard nylon. Modified Bunnell and modified Kessler techniques were used. All repairs have been done without epitendinous suture. The repaired tendons were then tested for maximum load, gap strength, and initial gap using a tensiometer.
Result Overall mean maximum load for barbed sutures was 41.12 N. Mean maximum load for 0 barbed nylon was 55.90 N. Mean maximum load for 2-0 barbed nylon was 37.46 N, and mean maximum load for 2-0 nylon was 53.76. Mean maximum load for conventional 3-0 Ethibond was 31.25 N. These data are fairly consistent with what has been seen previously in the literature. Summary Overall, barbed sutures gave a stronger repair, especially when 0 barbed nylons were used. Conventional 0 barbed nylons would be clinically unfeasible, as the knots would be far too bulky. The ability to use this size of suture without the need for knot tying gives hand surgeons this option in repair of flexor tendon injuries. Purpose Since 1966, silicone implant arthroplasty has been used to treat arthritis of the proximal interphalangeal (PIP) joint as an alternative to fusion. The volar approach to expose this joint spares the extensor mechanism at the cost of increased risk to neurovascular structures. In the dorsal approach, the extensor mechanism must be carefully handled, reattached, and then protected during rehabilitation. Several surgical techniques have been used to handle the extensor mechanism. Swanson et al. recommended midline incision of the central tendon followed by release of the lateral insertion on the middle phalanx and then reattachment to the base of the middle phalanx. Our clinical experience led us to a new surgical technique: splitting then repairing the extensor mechanism without bone reattachment as recommended by Swanson. The purpose of this study was to biomechanically compare strength and function of this technique with that of Swanson. Methods Four pairs of fresh-frozen cadaveric hands were used. The index, long, and ring fingers were harvested for testing. Twelve digits (three digits×four hands) were designated as control and were used to measure the fixation strength of Swanson's procedure. The other 12 digits of the paired hands were designated as experimental and were used to measure the fixation strength of the proposed new technique.
Management of the Central Extensor
Results The fixation strength mean±SD were 4.74±0.46 N/ mm for the control group and 4.62±0.30 for the experimental group. The results were not statistically different (p=0.45). Discussion The simple repair of the central slip without the bone reattachment preserves the function of the extensor mechanism on the PIP joint. In our clinical cases, we have not noticed any increase in the incidence of extensor lag or boutonnière deformity as a result of that. This technique can also be applied for fracture fixation in the area.
Treatment of Chronic Digital Ischemia with Direct Microsurgical Revascularization
Institution where the work was prepared: Northwestern University, Chicago, IL, USA Zol Kryger, MD; Vinay Rawlani; Gregory A. Dumanian; Northwestern University
Introduction Chronic digital ischemia of the fingers is a painful debilitating condition that, if untreated, can progress to functional loss and even amputation. Direct revascularization techniques require microsurgery; however, these procedures are quite distinct from free tissue transfer and replantation. The literature is lacking an adequate description of how best to perform this uncommon procedure. The authors present their technique for treating digital ischemia using a radial-to-digital artery bypass graft performed in a bloodless field under tourniquet and microscope. Methods This procedure was performed in six consecutive patients (four with occlusive collagen vascular disease, one with diabetic peripheral vascular disease, one with hypercoagulable state), all of whom had ischemic digits with ulceration, pain, and dry gangrene and who were unmanageable under conservative medical or surgical therapy. The outcomes were resolution of fingertip ulcers, avoidance of more proximal amputations, and elimination of ischemic pain. Results Successful outcomes were obtained in all six patients, and the grafts have remained patent with an average follow-up 17 months as confirmed by a hand-held Doppler examination. All patients had salvage of the revascularized finger and resolution of the ulcers and rest pain. The mean tourniquet time was 100 min. Conclusion Digital revascularization using a radial-todigital artery bypass is a straightforward, reproducible technique for the treatment of patients suffering from refractory chronic digital ischemia. Introduction A dogma of hand surgery instructs that the dominant arterial supply to the hand is the ulnar artery. This has some serious clinical implications, as reconstructive surgeons use the radial forearm flap to repair defects all over the body and cardiac surgeons often harvest the radial artery for use as a graft in coronary bypass surgery. Methods Near infrared spectroscopy was used to assess tissue oxygen saturation (St02) in the second and fifth digit, while performing the modified Allen's test, in 30 hands of 15 subjects. Measurements were recorded and statistically analyzed. A cadaveric study was undertaken using six upper extremities, to confirm the findings of this and previous studies. Radiopaque barium was injected into the brachial artery to demonstrate the vasculature of the forearm and hand. The arms were then scanned using a computed tomography scanner, and the images were reconstructed and analyzed using the TeraRecon® imaging software.
Results Baseline St02 readings were variable (range 39 to 90; mean=64.43; SD=13.07). Two hands, of the same patient, demonstrated clear ulnar dominance; one hand demonstrated radial dominance. Of note, two hands had normal Allen's tests, but appeared to have radial dominance to the index. The results of the cadaveric investigation demonstrate that two of the ten upper extremities had incomplete filling of the superficial arch. The ulnar digital artery was seen to be dominant in every index digit; this was a branch of the palmar metacarpal artery off of the superficial palmar arch in eight specimens and the terminal branch of the radial artery in two specimens. Discussion This study shows that there is no one dominant blood supply to the hand. This study demonstrates the importance of diligent use of the Allen's test preoperatively, and in any patient with questionable result, it is recommended that the radial artery not be sacrificed. Some hands may have radial dominance to the index, but an anatomical reason for this was not confirmed through cadaveric investigation. Near infrared spectroscopy demonstrated extremely variable St02 readings. It cannot be concluded that use of near infrared spectroscopy aids in improving the sensitivity of the Allen's test. Background The initial clinical examination for scaphoid fracture is inaccurate leading to unnecessary immobilization in a large percentage of patients suspected of occult fracture. An exam with improved accuracy in patients suspected of scaphoid fracture can potentially lead to the cost effective use of advanced diagnostic imaging modalities to further guide treatment and decrease unnecessary immobilization.
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Methods An institutional review board-approved, prospective, multi-institutional study was performed in adults with suspected scaphoid fractures. An initial examination documenting the presence or absence of seven described clinical signs of scaphoid fracture was performed and patients followed until a scaphoid fracture was determined to be present or absent. Initial exam findings, initial and final diagnosis, diagnostic studies used to exact a final diagnosis, number of follow-up visits needed to exact a final diagnosis, and length of immobilization were determined. Statistical measures of test validity for the seven clinical signs used in multiple combinations were determined. The mean number of positive signs in patients with a final diagnosis of scaphoid fracture was compared to patients with a final diagnosis of scaphoid non-fracture in an effort to further evaluate the accuracy of the initial clinical examination when using multiple signs of fracture. A cost analysis for patients unnecessarily immobilized was compared to a proposed model utilizing early use of bone scintigraphy to decrease periods of over treatment.
Results From June 2004 to June 2006, 83 patients were enrolled. Four were lost to follow-up (95% retained). Clinical examination accuracy did not improve when clinical signs were combined (p >0.05). Furthermore, suspected occult fracture patients found to be without fracture possessed a significantly higher number of positive signs than patients found to have fractures (p<0.05). Cost analysis suggests that the proposed model of early bone scintigraphy decreases unnecessary immobilization an average of 10 days at a nominal cost. Conclusion This study confirms that the initial clinical examination cannot accurately diagnose scaphoid fracture and combining clinical signs does not lead to a more reliable exam that may decrease unnecessary immobilization. Subsequently, using the results of the initial clinical exam to discontinue immobilization in patients with normal radiographs but presence of any one of the described clinical signs of scaphoid fracture would be unwise. The use of early advanced imaging should be considered in an effort to decrease unnecessary immobilization at a nominal cost.
Long-term Outcomes of Dorsal Intercarpal Ligament Capsulodesis for Chronic Scapholunate Dissociation
Institution where the work was prepared: University of California, Davis, Sacramento, CA, USA Varun Gajendran, MS 1 ; Brett Peterson, MD 1 ; Robert R. Slater, MD, FACS 2 ; Robert Szabo, MD, MPH 1 ;
(1)University of California, Davis, (2)The Permanente Medical Group
Purpose Chronic scapholunate dissociation is a common cause of symptomatic wrist instability. In an attempt to restore normal carpal mechanics and prevent wrist arthrosis, we developed and tested biomechanically the dorsal intercarpal ligament capsulodesis (DILC). Previously, we reported good early clinical results for this procedure. In this study, we report on the functional and radiographic outcomes of these patients at long-term follow-up. Methods After institutional review board approval, records of patients undergoing the DILC for chronic (greater than 6 weeks), flexible, static scapholunate dissociation were reviewed. Only patients with follow-ups of greater than 60 months were included. Physical examination, radiographs, and validated outcome instruments were used to evaluate the patients. Results Twenty-one patients (22 wrists) met the inclusion criteria. Fifteen of these 21 patients (16 wrists) were available for follow-up. After an average follow-up period of 86 months, physical examination revealed an average wrist flexion and extension of 50°and 55°, respectively, radial and ulnar deviation of 17°and 36°, respectively, and grip strength of 61 kgf. DASH, SF-12, and Mayo wrist scores averaged 19, 78, and 78, respectively. Radiographs revealed an average scapholunate angle and gap of 62°and 3.5 mm, respectively. Eight of the 16 wrists in our study demonstrated arthritic changes on radiograph, including one patient who developed Stage IV arthritis of the wrist. Conclusion Our results show that the DILC does not prevent radiographic deterioration and the development of arthrosis in the long term. However, the level of functionality and patient satisfaction remained high in the majority of our patients, suggesting a lack of correlation between the radiographic findings and development of arthritis on one hand and functional outcomes and patient satisfaction on the other hand. Based on these findings, we believe that the DILC is still a good choice for treating flexible static scapholunate dissociation in carefully selected patients. Prevention of radiographic deterioration and arthrosis, however, remains an unsolved problem. Purpose Several implant designs have been utilized for the rigid internal fixation of scaphoid fractures. To date, no study in the literature has reported surgical outcomes using the 3.0-mm cannulated AO screw lagged through a threaded washer. The purpose of this study was to evaluate union rates in a consecutive series of patients who had internal fixation of a scaphoid fracture or nonunion using this device. Methods From September 1996 to September 2006, 68 consecutive scaphoid waist fractures requiring surgical stabilization were treated with the 3.0-mm cannulated AO screw and threaded washer by a single surgeon. Nondisplaced fractures were treated through a mini-volar approach, while displaced fractures and nonunions were treated with an open volar approach. At the time of surgery, if nonunions were unstable, bone graft from the iliac crest or distal radius was harvested, but if stable, graft was not utilized. Charts and radiographs were reviewed from all patients, and pertinent demographic and clinical data were recorded. Postoperative radiographs were reviewed to assess fracture union and screw position. Results The union rate for the 21 non-displaced fractures was 100% with an average time to union of 15.5 weeks. The union rate for the 23 displaced fractures was 96% with an average time to union of 17.1 weeks. In none of the acute fractures was it necessary to remove symptomatic hardware. The union rate for the 24 nonunions was 92% with an average time to union of 22 weeks. In two instances, symptomatic hardware had to be removed, which had migrated into the scapho-trapezio-scaphoid joint. Conclusion The 3.0-mm AO cannulated screw and threaded washer can be used reliably and safely to treat both scaphoid waist fractures and nonunions. A theoretic advantage of this device is that it enables the controlled compression of the scaphoid if resorption occurs across the fracture site, increasing the probability of successful union. This benefit is not without risk of distal screw migration, which was observed in two cases in this study. We therefore recommend close radiographic follow-up in all cases until bony union is achieved.
Outcome Assessment After Treatment of Scaphoid Nonunion in the Middle Third (Herbert Type D2) with Conventional Bone Grafting and Screw Fixation from a Palmar Approach
Institution where the work was prepared: Department of Hand, Plastic and Reconstructive Surgery, Ludwigshafen, Germany Miriam Mueller, MD; Andre Otto; Christiane Hitzigrath; Rainer Simon; Günter Germann; Michael Sauerbier; Heidelberg University
Objectives This study was designed to assess the clinical and radiological outcomes after treatment of scaphoid nonunion of the middle third (Herbert D2) with bone graft and screw fixation. Materials/methods Eighty patients were treated for scaphoid nonunions in the middle third between 05/98 and 10/05 and were retrospectively reviewed. Average follow-up time was 41.5 months. Seventy-three patients were men and seven women with a mean age of 32 years. The right hand was affected in 55% and the left in 45% of the cases. Mean delay to surgery was 9.7 months. All patients were treated by resection of the nonunion from a palmar approach, interposition of a nonvascularized bone graft from the radius or iliac crest, stabilization by screw fixation, and immobilization. All patients received pre-and postoperative computed tomography (CT) scans to assess osseous union. Apart from demographic data, range of motion, grip strength, pain relief (Visual Analog Scale for Pain [VAS] score), and Disabilities of the Arm, Shoulder and Hand (DASH) score were obtained. Results Average time of immobilization was 8.7 weeks. Osseous union could be achieved in 73 (91%) patients at this time. The average DASH score (range 0-100 points) was 11.8 points (range 0-53). The average range of motion were extension/flexion 116.4°, ulnar abduction/radial abduction 65.4°, and pronation/supination 164.4°, and grip strength was 40.7 kg. The pain relief (VAS range 0-100) was 4.3 at rest and 21.4 during stress activities in average. Complications occurred in five patients (6.25%) and consisted of necessary further operation like four corner fusion [2] , proximal row carpectomy [1] , or reoperation with iliac crest bone graft [2] . Discussion Our study demonstrates that excellent union rates can be achieved with using a conventional bone graft and screw fixation for scaphoid nonunion in the middle third. For reliable assessment of bony union, CT scans are necessary; radiological osseous union is highly predictive for patients × satisfaction and functional outcome.
Open Reduction for Perilunate Injuries-Long-Term Results and Patients' Content
Institution where the work was prepared: BG Trauma Center Ludwigshafen, Ludwigshafen, Germany Thomas Kremer, MD; Michael Wendt; Michael Sauerbier; Guenter Germann; BG Trauma Center Ludwigshafen Introduction Perilunate injuries lead to severe destruction of the carpal integrity. Optimal treatment is mandatory to avoid poor results in terms of pain and function. However, the patients × outcome is still unsatisfying in a subset of patients. Moreover, these injuries are frequently overlooked. This study evaluates the long-term results after open reduction and treatment with K-wires. Patients/methods Patients who were treated for perilunate dislocations/fractures (Mayfield 3/4) in our institution (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) were included in this retrospective analysis. The evaluation focused on postoperative radiologic results and on development of arthrosis, range of motion, pain, sensitivity, grip strength, Mayo and Krimmer wrist scores and the patients' content (Disabilities of the Arm, Shoulder and Hand [DASH] score). Results Seventy-two patients were treated at our institution for perilunate injuries from 1995-2004. Fifty-four percent (n=39; 2 women/37 men) were evaluated for functional results and patients × satisfaction (median follow-up 65.5 months). Blue collar workers dominated (n=26). Two thirds (61%) of the patients suffered from perilunate fracture dislocations, and the dominant hand was affected in one third. Postoperative reduction was successful in the majority of patients (89.7% normal scapholunate angles, normal Gilula arcs in 64.1%). At follow-up, pain was rated 1.8 at rest and 4.8 under stress conditions (Visual Analog Scale for Pain). Average extension/flexion was 76.7°( 62.3% of the opposite side), and radial abduction/ulnar abduction was reduced to 60% of the unaffected side. Sensitivity was normal in all patients. Average grip strength was 36.6 kg (51.6 kg opposite side). Seventeen patients were diagnosed with significant radiocarpal arthrosis at follow-up, a pathologic scapholunate angle was found in 14 patients, whereas six patients developed an ulnar shift of the carpus. Of the patients, 69.2% worked in their former occupation. Average Mayo and Krimmer wrist scores were 70.4 and 70.3, respectively. The average DASH score was 23.2, which is low with respect to the severe injury pattern. Purpose Metacarpal phalangeal (MCP) joint capsulodesis is considered a technically demanding procedure with a recognized risk of digital nerve injury and tendon adhesions. In addition, there is no uniform surgical approach for the procedure or agreed upon method of volar plate fixation to allow the procedure to be considered a routine. The use of capsulodesis for the treatment of the hyperextended MCP joint at the time of basal joint arthroplasty is well established. The purpose of this study was to examine the results of a unique surgical approach to MCP joint capsulodesis that utilizes suture anchors. Methods This was a retrospective chart review examining the results of consecutive patients undergoing thumb MCP joint capsulodesis between 2003 and 2006. Indications for surgery were thumb MCP joint hyperextension deformity of at least 30°with radiographic evidence of stage III basal joint arthritis. Variables examined included pre/postoperative range of motion and complications. The surgical technique involves making a Bruner incision on the volar aspect of the metacarpophalangeal joint (MPJ). Both digital nerves are identified and protected. The A1 pulley is released and the FPL retracted. The volar plate is released proximally, and the joint is placed in 30°of flexion. A Kirshner wire is then directed obliquely across the joint. A mini-Mitek suture anchor is placed in the distal metacarpal. The volar plate is then mobilized and secured with the Mitek sutures. The K-wire is pulled at 6 weeks. Hand therapy was initiated at the first postoperative visit, and a strict 16-week protocol followed. Results The average patient age was 62.4 years (55-79). Twenty-one thumbs in 19 patients were treated with the above technique. The average range of motion at the thumb MPJ after capsulodesis was 0°of extension (range −5 to 5) and 40°of flexion (range 20 to 70). There were no cases of residual hyperextension at the last follow-up (6-38 months). There were four complications: two superficial pin tract infection treated with oral antibiotics and two cases of complex regional pain syndrome. One patient complained of pain at the thumb MCP joint postoperatively and was considering arthrodesis. Conclusion Thumb MCP joint capsulodesis at the time of carpometacarpal arthritis arthroplasty can easily and effectively be performed utilizing this technique of suture anchors, joint pinning for 6 weeks, and a strict hand therapy protocol.
Biotenodesis Screw in Basilar Thumb Arthritis: A Biomechanical Study
Institution where the work was prepared: Tripler Army Medical Center, Honolulu, HI, USA John Faillace, MD; Hillcrest Baptist Medical Center; Shawn Hermenau, MD; Tripler Army Medical Center A number of procedures have been developed to reconstruct incompetent volar ligaments and to relieve pain in patients with carpometacarpal (CMC) arthritis. Volar beak ligament reconstruction with local tendon grafts, tendon interpositions, and resection arthroplasties has all been described with success in the literature. More recent literature has shown that ligament reconstruction without tendon interposition provides reproducible relief to patients with CMC arthritis without loss of range of motion, pinch strength, or the ability to perform activities of daily living (ADLs).
Biotenodesis screws have been used with marked success in the knee and sports literature as well as the foot and ankle literature to aide in the reconstruction of ligaments. We have applied these principles to the reconstruction of the thumb volar beak ligament. The purpose of this cadaver study is to test load to failure and method of failure of volar beak ligament reconstruction with biotenodesis screw reconstruction compared to the standard tendon to tendon technique, i.e., the modified ligament reconstruction of Eaton and Littler.
Ten matched pairs of cadaveric hands of average age 60 years had ligament reconstruction with biotenodesis screw randomized to right or left and suture on the other. The specimens were tested first with ten cycles of load for preconditioning then loaded to failure. The data were tabulated and analyzed with a one-way analysis of variance.
The load at failure for both groups surpassed that which was expected for light pinch. The biotenodesis screw was stiffer but did not reach statistical significance. The suture repair had a statistically significant higher load to failure (p=0.007).
Partial Ulnar Head Resurfacing Implant Arthroplasty
Institution where the work was prepared: University of Iowa, Iowa City, IA, USA Danielle A. Conaway, MD; Brian D. Adams; University of Iowa Although complete implant replacement of the distal ulna has become a popular and accepted procedure, in many cases, it sacrifices normal portions of a distal ulna and important soft tissue attachments. Consequences of resecting unaffected portions of the distal ulna include a higher risk of distal radioulnar joint instability, implant prominence, soft tissue irritation, and ulnocarpal instability. To minimize the resection and to optimize the functional result of implant arthroplasty of the distal ulna for the treatment of distal radioulnar arthritis, a partial ulnar head replacement was developed, which only replaces the articular surfaces. The implant allows retention of the ulnar neck, ulnar styloid, extensor carpi ulnaris grove, ulnocarpal ligament attachments, extensor carpi ulnaris sheath, and the triangular fibrocartilage complex attachments to the ulnar styloid. It is intended for patients who have good skeletal alignment and functioning soft tissue stabilizers surrounding the distal ulna. To assess the design's replication of the natural anatomy, a study was performed on ten cadavers. A number of radiographic parameters were compared between the natural state of the distal ulna and the state after implantation. In addition, the results of the first ten patients treated by three surgeons were reviewed to assess its clinical efficacy. Plain radiographs demonstrated a good match (within 7%) between the size and shape of the natural ulna and the implant, as well as ulnar variance, ulnar offset, and ulnar height at the distal radioulnar joint. Distal radioulnar joint stability was maintained by subjective assessment, and there was no loss of forearm rotation. Of the ten clinical patients, seven were treated for osteoarthritis and three for posttraumatic arthritis. In a retrospective chart review at an average 6month follow-up, there were no intra-operative or postoperative complications. Pain relief was satisfactory in all, though none were pain free. Motion was improved in all, with all patients achieving at least 75°of pronation and 65°of supination. Wrist flexion and extension was unaffected. There were no cases of distal radioulnar joint instability. In conclusion, this preliminary report suggests that surface, "conservative," implant replacement of the distal ulna may offer advantages over complete distal ulna replacement in selected patients. Purpose High-resolution real-time three-dimensional imaging of the moving wrist may provide novel insights into the pathophysiology of dynamic joint instability. The purpose of this work was to assess the feasibility of using retrospectively gated spiral computed tomography (CT) to perform dynamic (four-dimensional) imaging of the moving wrist joint. Methods A cadaver forearm from below the elbow was mounted on a motion simulator that performed periodic radioulnar deviation of the wrist at 30 cycles per minute. An electronic trigger from the simulator provided the "electrocardiogram" signal required for gated reconstructions. The wrist was scanned on a 64-slice CT scanner (Sensation 64, Siemens Medical Solutions) using a retrospectively gated CT protocol with a special low pitch of 0.1 provided by the manufacturer. Scanning was performed from the distal radius and ulna to the proximal metacarpals to ensure adequate coverage of the carpal bones. The first condition scanned was during periodic radioulnar deviation and was designated the four-dimensional condition. The second scan served as a control where the wrist was precisely moved to four designated static positions and scanned. This control scan was designated the three-dimensional condition. Both the four-and three-dimensional images were then compared by two blinded observers for image quality and presence of artifacts. The displacement of the distal pole of the scaphoid during radioulnar deviation was also calculated from the dynamic four-dimensional phase after appropriate image segmentation and thresholding. Results Image quality of the four-dimensional images was rated by both observers to be excellent at the extremes of radial and ulnar deviation (end-motion phases). Mid-motion phases were rated by both observers to be fair because of the presence of motion and band artifacts. However, in all phases, carpal joint spaces remain well resolved. The centroid of the distal pole of the scaphoid was found to undergo a displacement magnitude of 12.4 mm. Conclusion In conclusion, a method using retrospectively gated CT for dynamic four-dimensional imaging in the wrist is feasible. In the near future, this may provide hand surgeons a new diagnostic tool in which dynamic carpal instabilities can be assessed. Introduction Fat atrophy is inherent to the pathology of Dupuytren's contracture. Graft interposition after simple fasciotomy is widely believed to change the biology of the disease and to prevent recurrences. We hereby report our preliminary experience with lipografting Dupuytren's contracture after a novel minimally invasive release technique that safely cuts up the diseased cord and separates it from the dermis. Purpose A strong steady extension force is applied on the digit using a lead hand retractor. Then, progressing in an orderly fashion from proximal to distal, we make a series of palmar puncture wounds with a sharp tipped 1-mm blade equipped with a T-bar stop that prevents from penetrating more than 3 mm proximal to the transverse palmar crease, 2 mm over the distal palm, and 1 mm over the digits. Working along a wide area around the contracture, the cords are progressively and extensively severed through transverse oscillations at each puncture point. Skin wrinkles or pits are released with another dissecting instrument that severs dermal attachments of the cord. After full contracture release, full skin separation from the cord, and full morcelization of the nodules, we fill the surgical site with lipoaspirate harvested from the flanks. An extension splint is incorporated in the dressing. Clinical result We performed this incision-less minimally invasive procedure in 12 hands; four had four digital rays released, and six had three. Three had recurrent disease, four had 90°proximal interphalangeal contractures, and six had 60°metacarpophalangeal contractures. A full complete extension was achieved in 9, and the remaining had less than 15°lag at the completion of the procedure. There were no complications and no morbidity. One week post-op, the patients were allowed to use the hand and wear an extension splint at night. At 2 weeks, all patients recovered full use of the hand. At 1 month, most striking findings were softness of the hand and absence of scarring. All patients were satisfied with the result and had no evidence of recurrence at an average of 6 months follow-up. Conclusion We hereby describe a safe and minimally invasive approach to the treatment of Dupuytren's contracture that departs from the standard of cord excision and adds padding to the already fat-deficient hand. Fat grafting after extensive percutaneous superficial fasciotomy seems to prevent the flare reaction and to change the biology of the disease. Purpose To present the long-term follow-up of patients who underwent ulnohumeral arthroplasty for symptomatic elbow arthritis. Methods Eighty-one patients who underwent ulnohumeral arthroplasty between 1994 and 2002 were included in the study. All patients were sent a questionnaire with a request to attend a clinical evaluation. Forty patients replied, and 34 attended for clinical examination. There were 6 women and 34 men with an average age of 63 years (32-80) and a mean follow-up of 6 years (2-10). There were 22 (55%) patients with primary osteoarthritis, 14 (35%) with osteoarthritis secondary to trauma, two patients with rheumatoid arthritis, and one patient with arthrogryphosis multiplex congenital and post-septic arthritis of the elbow. Results Using the Visual Analog Scale for Pain (0-10), the pain score was seen to improve from a mean preoperative score of 8 (6-10) to 4 (0-9). Twenty-one patients (50%) were on minimal or no analgesia, and 31 (75%) patients felt they would have the surgery again for the same problem. The arc of motion as regard flexion/extension was found to increase by 19%, while prono-supination was found to increase by 30%. One patient had superficial infection, anterior interosseous nerve neuropathy, and myositic ossificans, while two patients had triceps rupture. Radiological examination showed that, in 12 cases, the trephine hole was partially obliterated while, in four cases, it was completely obliterated. This could not be correlated clinically. Patients with loose bodies seemed to do better in the postoperative phase. Conclusion Ulnohumeral arthroplasty has a role in the management of the arthritic elbow, as it provides pain relief in the postoperative period; however, the improvement in the range of movement is limited particularly as regard the arc of extension.
Isolated Proximal Pole Hamate Arthritis
Institution where the work was prepared: Thomas Jefferson University, Philadelphia, PA, USA A. Lee Osterman, MD; Randall Culp; Thomas Jefferson University Proximal pole hamate arthritis is a common cause of ulnar wrist pain. Anatomic studies have shown increased lunato-hamate load forces and a consequent high association of proximal hamate arthritis with Type II lunates. Burgess first defined the association of lunato-triquetral (LT) instability and proximal pole arthritis. Palmer noted an incidence of 91% and defined the syndrome hamate arthrosis lunatotriquetral ligament tear. This study introduces a new entityisolated hamate impaction-and its treatment. Between 1997 and 2000, we arthroscopically identified 57 consecutive patients with proximal pole hamate arthritis, of which 18 were isolated as defined by Grade II-IV outerbridge changes and the absence of LT instability: 18 consecutive patients (19 wrists), 13 men and 5 women, 48 years (27-66)-dominant wrist 50%; acute injury event 50%; work related 5, and 2 WC. The onset of symptoms was often related to sports, especially those with ulnar loading such as golf (55%). Average symptom duration was 11 months. All patients had activity-related pain. Seventy-four percent had grip strength weakness in ulnar deviation. X-ray findings: All had Type II lunate facets averaging 2.7 mm (1-5); proximal pole erosions in 37%. Ulnar variance: 5+avg 1.4 mm; 10 neutral; 5−avg 1.6 mm. Magnetic resonance imaging findings: Proximal pole changes 53%; seven triangular fibrocartilage (TFC) tears (only five at arthro), one hook hamate nonunion. Arthroscopic findings: Proximal pole hamate arthritis 100%; midcarpal synovitis 100%; TFC tear IA-2 IIC-3; pisotriquetral arthritis one LT instability none. Treatment was arthroscopic proximal pole hamate excision in all. An average of 2.6 mm of hamate was resected (1-4 mm) . Concomitant surgery: Midcarpal synovectomy 100%; TFC debridement five; open hook hamate excision one. Follow-up 7.0 years (3.1-9.3). One lost to follow-up (FU) at 3.1 years, one died, Last FU at 5.1 years. Ninety-four percent very satisfied and would repeat surgery: Return to work 15 days ; return to sports 3 months. No radiographic evidence of progressive arthritis or collapse deformity. Wrist evaluation scores: Preoperative 73.1 (fair) to postoperative 94.7 (excellent). No complications. In summary, isolated proximal pole hamate arthritis does occur and is another cause of ulnar wrist pain. It has an association with type II lunates and a high incidence in golfers. Arthroscopic proximal pole resection of 2.5 mm provides a reasonable solution with excellent results at moderate FU interval.
In Vivo Kinematic Analysis of the Forearm
Institution where the work was prepared: Mayo Clinic College of Medicine, Rochester, MN, USA Shian Chao Tay, MD, MS 1 ; Kazunari Tomita, MD 1 ; Roger P. Van Riet, MD 2 ; Kimberly K. Amrami 2 ; Kai-Nan An, PhD 3 ; Richard Berger, MD, PhD 4 ; (1)Mayo Clinic College of Medicine, (2)Mayo Clinic, (3)Orthopedic Biomechanics Laboratory, (4)Mayo Clinic/Mayo Foundation Purpose Controversy still exists regarding the location and nature (static or dynamic) of the forearm joint axis. This might be because of inconsistent results from in vitro data and less precise methods of analysis. We present the first in vivo kinematic analysis of normal forearm joint rotation described by helical axis analysis. Methods Data obtained from computed tomography images of both forearms of five healthy volunteers were used to calculate finite helical axis (FHA) parameters from transformation matrices. Four positions were analyzed: maximum pronation, maximum supination, 60°pronation, 60°s upination. Registration of the image data were performed using Analyze 7.0. Kinematic analysis focused on the motion of the radius around the ulna. Results FHAs were located near the center of the radial head biased toward the proximal radioulnar joint (PRUJ), extending toward the ulnar head just dorsal to its center at the distal radioulnar joint (DRUJ), moving in a linear motion at the radial and ulnar heads during forearm rotation. Magnitude of FHA rotation during pronation was larger than in supination. Proximo-distal translation of the radius during forearm rotation was a mean of 0.98 mm. A significant linear relationship was found between translation and rotation. Conclusion The in vivo forearm joint axis was precisely located. This new information of the forearm joint axis defined by FHA analysis, may be useful in implant design, and in guiding surgeons in their reconstruction of instabilities of the DRUJ or PRUJ.
Mesh Implant Arthroplasty for Treatment of Basilar Joint Arthritis
Institution where the work was prepared: Methodist Hospital, Houston, TX, USA Evan Collins, MD; Kimberly Staines; John Thornby; The Methodist Hospital
Purpose Multiple surgical approaches have been performed for advanced stage thumb basilar joint osteoarthritis (OA). This study assesses initial results of a new surgical approach utilizing a biodegradable polycaprolactone-based mesh implant as a spacer after a trapezium and base metacarpal resurfacing osteotomy. Methods A prospective convenience design was used to assess 15 patients between the ages of 42 and 66, who suffered from OA limited to the carpometacarpal (CMC), or basilar, joint of the thumb nonresponsive to conservative treatment over a 4-to 6-month period. Data collection included x-rays of the hand and thumb, posterior anterior, oblique, lateral, and basil joint stress views, along with the Disability Assessment for Shoulder/Hand (DASH) and Visual Analog Scale for Pain (VAS) scores and range of motion-bilateral evaluation. The same surgeon treated all subjects and performed a surgical technique utilizing an approach to the capsule as described by Eaton. A biodegradable mesh T-shaped spacer of woven construction was used as implant. The outpatient procedure was performed using an intrascalene block. The surgeon began by dividing the capsule as a metacarpal-based tongue flap, exposing the CMC joint. An osteotome and rasp resurfaced the joint, creating a parallel space. The implant was inserted and affixed to the metacarpal or trapezium-depending on the quality of bone stock-and secured with a Mitek suture anchor. Intra-operative imaging confirmed results. The capsule was closed with a running double-loop Supramid suture, and the metacarpophalangeal joint was then assessed for laxity. After a 4-week immobilization, the same certified hand therapist performed postoperative follow-up at 10 days and 4, 6, 8, 12, and 24 weeks. Preand postoperative data were recorded. Results/statistics Mean data normalized, as percentage changed from pre-to postoperative measures and, compared to the uninvolved side, revealed significant improvement of 39% for DASH, p = 0.0194 (54.17 ± 24 preoperative; 32.96±25 postoperative), and 54% improvement in VAS, p=0.0212 (8.51±2.6 preoperative; 3.38±2.5 postoperative). Total active motion in the involved thumb increased by 9% postoperative and was 96% of values in the uninvolved thumb. Tripod pinch strength was 68% of uninvolved side preoperatively and improved to 81% postoperatively. Grip strength improved by 22% postoperatively and was 77% of values in the uninvolved thumb.
Conclusion Mean values and early results reflected improvement and indicate that this procedure leads to high patient satisfaction with low complications and should be considered for CMC basilar joint OA. Combining a clinical software program and research databases in a resource-limited environment can be advantageous to clinicians because of the ability to efficiently store patient information for both patient caring and later retrieval for research studies. The same user interface, if linked to a repository of medical information, can assist in streamlining teaching while caring for patients ( Figure 1) . The goals of the project included capturing patient data that were readily available at the point of care and utilize it for both tracking patients within the hospital and storing the data for research purposes while, at the same time, linking the user interface to a database of medical information for teaching purposes. Setting The software was designed to be utilized on a plastic surgery hand service at a major level one trauma center. Methods To accomplish this goal, a software program was designed to track hand surgery patients and serve as a large repository for key information that can be utilized to assist with retrospective research projects. The user interface was also designed to allow information to be stored for prospective studies. A database of high yield upper extremity information was compiled by topic, which could be linked to patient diagnoses. The clinical user interface and research tools were both designed using the Visual Studio.NET© environment coupled with a relational database to store information. The standard demographic information along with major diagnoses for each patient was linked to both Diagnosis-Related Group and International Classification of Diseases, Ninth Revision, codes to allow for efficient access when evaluating and querying the databases. Patient data were recorded during the time period from March 2006 to April 2007 for this study.
Results The database currently stores information for 184 patients. Of the patients, 64.2% (n=118) who underwent an operation were men. The major injury was related to trauma in 71.1% (n=131) of the cases. Forty-eight percent of the trauma cases involved multiple injuries. Four-hundred and eighty-three high yield clinical information summaries were compiled and separated into 21 categories. Conclusion The software program allows for the entry of data to assist with the tracking of patients on a hand surgery service. Concurrently, the software program allows for retrieval of stored data to assist with clinical research projects either prospectively or retrospectively. The quick links between diagnoses and medical information summaries allow for a teaching module to assimilate with clinical and research user interfaces.
AAHS Concurrent Scientific Paper Session D Chimerism Induction and Maintenance in Composite Tissue Allograft Transplants After Augmentation with Donor-Specific BMT
Institution where the work was prepared: Cleveland Clinic, Cleveland, OH, USA Wioleta Luszczek, PhD; Aleksandra Klimczak, PhD; Maria Siemionow, MD, PhD; Cleveland Clinic Introduction Impact of donor bone marrow transplantation (BMT) on chimerism induction in different composite tissue allograft (CTA) models was investigated. Methods: Four CTA models were studied: (1) limb allograft (n=36), (2) composite hemiface transplant (n=26), (3) vascularized bone (n=10), and (4) composite vascularized skin allograft (n=10) transplants. Transplants were performed across histocompatibility complex (MHC) barrier between ACI (RT1 a ), LBN (RT1 l+n ), or BN (RT1 n ) donors and LEW (RT1 l ) recipients under a 7-day protocol of αβ-TCR/CsA. All CTA allografts (except limb allografts) were augmented with donor BMT (70×10 6 ). Flow cytometry evaluated donor-specific chimerism for MHC class I antigens in peripheral blood. Chimerism was evaluated as a contribution of donor T-(CD4, CD8) and B-lymphocytes (CD45RA). Immunohistochemistry determined engraftment of donor cells into lymphoid organs. Results In long-term survivals (over 100 days), chimerism levels were as follows: (1) limb allograft for T cells 7.6% of CD4/RT1 n , 1.3% of CD8/RT1 n , and 16.5% of CD45RA/RT1 n for B cells, (2) hemiface allograft transplant T cell chimerism revealed 2.8% for CD4/RT1 n and 1.9% for CD8/RT1 n and 6.8% for CD45RA/RT1 n B cell population, (3) vascularized bone allografts T cell chimerism was assessed at 5.1% for CD4/RT1 n and 1.9% for CD8/RT1 n and at 5.2% for CD45RA/RT1 n B cells. (4) In vascularized skin allografts, T cell chimerism was 8.0% for CD4/RT1 a , 2.6% for CD8/RT1 a , and 0.4% for CD45RA/RT1 a for B cell linage. In all CTA models, immunochemistry confirmed presence of donororigin cells in the lymphoid organs of recipients. Conclusion The best engraftment of donor cells was achieved in limb allograft transplant model as confirmed by stable chimerism level in T cell population at early post-transplant and was maintained by B cell lineage. The lowest level of chimerism was found in vascularized skin allografts confirming importance of bone marrow compartment as an integral part of the graft. These data indicate that constant source of bone marrow delivery in limb allograft model is permissive for chimerism induction and its maintenance at stable level. This mechanism would apply and be permissive in acceptance of hand allograft transplants.
Fifteen-Year Follow-up of the Distal Single Scope-Assisted Carpal Tunnel Release
Institution where the work was prepared: Dr Ather Mirza, Smithtown, NY, USA M. Ather Mirza, MD; Mary Kate Reinhart, CNP; M. Ather Mirza, MD, PC Introduction This study reports the 15-year follow-up (1,855 cases) of the distal single incision scope-assisted carpal tunnel release technique. Methods A 1.5-cm longitudinal distal single incision in the palm allows direct visualization of the distal edge of the transverse carpal ligament, median nerve, the superficial palmar arch, and any abnormal structures. A specially designed knife/sleeve unit mounted on a standard 4-mm endoscope allows division of the transverse carpal ligament with a distal-to-proximal pass. Results Among those in whom the inter-thenar fascia is preserved, high lateral pinch strength was reported. Postoperative pinch and grip strength were near or greater than preoperative levels by 8 weeks. The mean overall return to work time was 21 days. Among the patients reporting analgesic usage, 27% required no postoperative analgesics. Patients reported minimal scar, ulnar and radial pillar tenderness. There were no permanent injuries to the median nerve or superficial palmar arch. Conclusion This technique allows for a small cosmetically appealing scar, direct identification of key anatomy, higher strength and function in early postoperative periods, and an overall early return to work and activities of daily living. This technique has shown excellent long-and short-term results.
A Simple Method to Demonstrate Collateral Sprouting of an Intact Axon at End-to-Side Neurorrhaphy Site
Institution where the work was prepared: The First Affiliated Hospital of Sun Yat-Sen University, Guangzhou, China Qing Tang Zhu, MD, PhD 1 ; Jia Kai Zhu, MD 2 ; Zhen Guo Lao, MD 2 ; Xiao Lin Liu, MD, PhD 2 ; Gary Chen, MD 1 ;
(1)California Hospital Medical Center, (2)The First Affiliated Hospital of Sun Yat-Sen University Recent experimental studies had suggested the successful nerve regeneration of an injured nerve repaired with endto-side neurorrhaphy technique. However, the origin of the regenerating axons is still controversial. Some studies demonstrated that regenerating axons emerged at sites far proximal to the coaptation site. Some studies indicated nerve damage was a prerequisite for axonal regeneration through end-to-side neurorrhaphy, the regenerating axons originated from terminal sprouting of the proximal stump of the injured donor nerve. Most studies supported that the regenerating axons sprouted collaterally from the donor nerve at the neurorrhaphy site. Considering retrograde tracing or electrophysiological study, which only provided indirect evidences of collateral sprouting from the donor nerve, we presented a simple method to directly demonstrate collateral sprouting of an intact axon at end-to-side neurorrhaphy site. Five Wistar adult rats were used in this study. The common peroneal nerves at one side were sectioned, and their distal ends were sutured laterally to the tibial nerves after removal of a 1-mm diameter window in the epineurium. Three months postoperatively, the nerve segments at the neurorrhaphy site and the contralateral normal tibial nerves were harvested. The specimens were fixed in 10% formaldehyde and postfixed in 1% osmium tetroxide, then macerated in glycerol. A single nerve fiber was teased out with microsurgical instruments in pure glycerol under an operative microscope, then transferred to a slide and observed under light microscope. We found that small nerve fibers sprouted collaterally from a donor nerve fiber near the nodes of Ranvier (Fig 1) . However, such phenomena could not be found in normal tibial nerve without end-to-side neurorraphy. This study provided a direct evidence of collateral sprouting of an intact axon at the endto-side neurorraphy site. The nerve fiber micro-tease technique is a simple method to demonstrate such a phenomenon. Introduction Current analysis of nerve injury and repair relies largely on electrophysiological and ex vivo histological techniques. In vivo architectural assessment of a nerve without removal or destruction of the tissue would greatly assist in the grading of nerve injury and in the monitoring of nerve regeneration over time. Coherent anti-Stokes Raman scattering (CARS) microscopy is a nonlinear optical process using ultrashort laser pulses to probe molecular vibrational structures and conformations in tissue with a particular sensitivity for high lipid containing molecules such as myelin. This minimally invasive, nonthermal technique offers highresolution images of neural micro-architecture, which we aim to evaluate in both normal and injured nerves. Methods A standard demyelinating crush injury was reproduced in the sciatic nerves of male Sprague Dawley rats. Animals were randomized into groups, and CARS microscopy was undertaken at day 1 and weeks 2, 3, and 4 after injury. The uninjured nerve was used as a control. Functional analysis was undertaken weekly with standardized walking track analysis. Histomorphometry of both control and injured nerves was undertaken after imaging to allow verification of our findings. Results All animals demonstrated loss of sciatic nerve function after nerve injury. Recovery was documented with sciatic functional index data approaching normal at 3 weeks. Demyelination was confirmed in nerves up to 3 weeks postinjury. Remyelination was observed in the 3-week group and beyond (Fig. 1) . Imaging of the control nerves revealed structured myelin bundles as shown in Fig. 2 . These results were consistent with histological findings. Conclusion We conclude that CARS microscopy has the ability to image the peripheral nerve after demyelinating crush injury. This technology, which permits in vivo, real time microscopy of nerves at a resolution of 5-10 μm, could provide invaluable diagnostic and prognostic information about intra-neural preservation and recovery after injury.
Real

Innervations of the Medial Head of the Triceps by the Ulnar Nerve
Institution where the work was prepared: Department of Orthopaedic Surgery Columbia Uni. Medical Cen., New York, NY, USA Halil I. Bekler, MD; Joy Christiane Vroemen; Jason M.
McKean; Melvin P Rosenwasser; Columbia University Medical Center
Introduction Surgical observations suggested that ulnar nerve give some motor branches to medial head just proximal to cubital tunnel. Material and Methods: Seventeen fresh-frozen human cadaver upper limbs from 11 cadavers were used. Nine of the cadavers used were men and two women with an average age of 61.9 years. The medial head of the triceps (MHT) and ulnar nerve were exposed by a long medial incision over the upper arm, and the soft tissue was dissected under ×3.5 loupe magnification. For each dissection, we measured how far the origin of the motor branch of the MHT was from the cubital tunnel. Specimens of nerve branches from the ulnar nerve innervating the MHT were taken, fixed in formalin, embedded in paraffin, sectioned at nerve-muscle connection, and impregnated with silver nitrate to visualize axons and end plates. Results Nerve branches from ulnar nerve were observed proximal to the cubital tunnel. These branches entered in the medial head of the triceps muscle. The branches from the ulnar nerve comprised two or three separated fascicles that are usually accompanied by vascular tissues. Discussion: A consistent presence of the motor branch to MHT arising from the ulnar nerve was observed. Branches are from the ulnar collateral branches of the radial nerve having anatomical integrity with the ulnar nerve.
Conclusion On the basis of cadaver specimen dissection and in vivo motor nerve stimulation, the ulnar nerve gives motor branches to the MHT. 
Endoscopic Revision of Carpal Tunnel Release
Institution where the work was prepared: University of Washington, Seattle, WA, USA Shai Luria, MD; Thanapong Waitayawinyu; Thomas E. Trumble; University of Washington Background Open revision with or without internal neurolysis has been the standard approach for treatment of recurrent carpal tunnel syndrome (CTS). Our hypothesis was that endoscopic revision without neurolysis will result in comparable results to open revision. Methods Forty-one patients with unilateral recurrence were prospectively analyzed before and after endoscopic revision for a period of 1 year. All had clinical signs or symptoms, a positive response to a steroid injection and electrodiagnostic findings consistent with CTS after primary open release and had failed to improve after an average of 16 months. Follow-up evaluations were performed with validated outcome instruments and quantitative measurements of strength and sensation. Results Thirty-seven of the 41 patients reported improvement after the endoscopic revision. Significant improvement was seen at 3 and 12 months after the procedure in the CTS Symptom Severity Scores (SSS), the CTS Functional Status Scores (FSS), the UW satisfaction score, pinch strength and sensation, and a decrease in scar sensitivity. An improvement in grip strength was measured after 12 months. The satisfaction score was found to be significantly correlated to the SSS and FSS.
Conclusion Endoscopic release of recurrent CTS may be performed safely using a standard technique with good results without the performance of neurolysis. The advantage of the procedure is the ability to approach the tunnel while avoiding the scaring related to the previous open approach. This technique is not adequate for cases after several open revisions, suspected nerve injury or extension of the previous open approach proximal to the wrist crease.
Introduction Chronic pain secondary to peripheral neuropathic conditions is frequently seen in clinical practice. However, precipitous surgical treatment in the presence of undiagnosed psychosocial dysfunction will end up in frustration for both the surgeon and the patient. Materials/method Psychosocial dysfunction was recognized through clinical acumen and the use of multidimensional assessment of pain (Visual Analog Scale for Pain, Wong-Baker, and Brief Pain Inventory [BPI] ). The clinical diagnosis of neuropathy was determined using standard sensory-motor evaluations and electrodiagnostic and imaging studies (magnetic resonance imaging). An archival review of records from 91 patients treated for neuropathic pain over a 10-year period in a specialty clinic was included. Inclusion criteria were individuals with proven nerve dysfunction experiencing pain >3 months. Surgical candidates were determined by the severity of sensory-motor abnormalities and showed evidence of improved psychosocial functioning as measured by the BPI. Surgical procedures included nerve decompressions, reconstruction, neurolysis, and excision of neuromas. Medical treatment included analgesics, adjuvants, and neuroleptic medications. Psychosocial treatment included a prescription to remain or return to work on a predetermined date and daily exercise. Patient progress was monitored by pain diary, body mass index, pulse, and biological markers when applicable. Participants received periodic clinical evaluation of sensory and motor functions and assessment of pain. Results More than 93% (85/91) of patients returned to work and reported lower levels of pain up to 5 years after onset of nerve injury/condition. In addition, no differences were noted between individuals treated medically and surgically on a variety of psychosocial measures after treatment including pain level (p=0.2), litigation status (p>0.5), and return to work (p>0.05). The majority of individuals expected total relief of pain with surgical treatment. This issue needs to be addressed to insure that patients have a realistic expectation of the treatment, whether surgical or medical. Conclusion With psychosocial assessment, support, and adequate pain treatment, there seems to be no difference in functional outcomes on several levels between those patients receiving surgical and nonsurgical treatments. Patients' expectations of total pain relief with surgery are unrealistic and must be addressed before treatment. In summary, early recognition and treatment of psychosocial dysfunction leads to improved outcomes as measured by improvement in pain, neurological signs/symptoms, and functionality.
Introduction Anticoagulation administration in digital replantation microsurgery is not without serious consequences. Furthermore, no consensus exists among microsurgeons regarding indications, timing, and duration of medication administration. The aim of the study is to better establish the efficacy and risks associated with three different thromboprophylaxis regimens commonly used in digital replantation microsurgery. Materials/methods All patients consecutively treated at a specialized microsurgical replantation center from April 2004 to April 2006 were evaluated. All traumatically severed digits revascularized or reimplanted over the study period were included. Demographic data, injury characteristics, as well as type, dosage, duration, and timing of medication administration for thromboprophylaxis were assessed. Primary endpoints with respect to thromboprophylaxis regimens' efficacy and risks were (1) the proportion of successfully replanted digits at the moment of patient discharge and (2) the incidence of complications in the immediate and short-term postoperative periods. Proportions were compared by using X 2 tests, and multivariate analyses were conducted with logistic regression. Results Over a 2-year period, 151 digits were treated: 91 revascularization and 60 reimplantation procedures. Sixtyfive percent of digits received preoperative aspirin at dosing of 325 mg. Overall, 98.0% of the digits received postoperative thromboprophylaxis regimens: 51.0% received aspirin 80 mg once daily plus subcutaneous heparin 5,000 U twice daily (group A; n=77) for a mean duration of 4.8 days (±1.4 days), 33.1% received aspirin 80 mg once daily plus IV heparin (group B; n=50) for a mean duration of 5.3 days (±1.9 days), and 13.9% received 2 weeks of aspirin 80 mg once daily (group C; n=21). Success rates at discharge were as follows: group A 96.1%, group B 90.0%, and group C 85. 7% (p=0.191 ). Short-term complication rates in groups A, B, and C were similar at 24.7%, 42.0%, and 33.3%, respectively (p=0.121). Controlling for age, smoking status and the intervention performed, the type of anticoagulation regimen, was not significantly related to success rates, whereas digits on IV heparin had a 2.4 times greater risk of complication than digits on subcutaneous heparin (95% confidence interval, 1.5-5.4) . Conclusion Important discrepancies were outlined in the administration of anticoagulation regimens in digital replantation surgery. When considering short-term outcomes after microsurgical digital reimplantation and revascularization interventions, no significant survival differences were identified based on the type of regimen used. Digits receiving IV heparin had a significantly greater risk of postoperative complications than those receiving subcutaneous heparin. Introduction Skin is the most immunogenic component of a composite tissue allograft (CTA). Clinically, this has manifested as multiple acute skin rejection episodes in most of the human CTA performed to date. Intravenous steroids and increased systemic immunosuppression have been used to mitigate these rejection episodes. These drugs cause direct organ toxicity and are associated with metabolic dysfunction, opportunistic infection, and malignancy. Topical immunotherapy is an attractive and practical therapeutic option to provide local immunosuppression with minimal systemic toxicity. Topical tacrolimus is known to reduce the stimulatory activity of antigen presenting cells toward autologous T cells in atopic dermatitis. The present study applies these properties to CTA. It investigates the potential of topical tacrolimus to maintain a CTA after total withdrawal of a short course of systemic therapy. Method Wistar Furth to Lewis (full histocompatibility complex mismatch) orthotopic hind limb transplants were performed. Groups included (I) topical tacrolimus alone, (II) anti-lymphocyte serum (ALS; 0.5 ml × 2 doses) + 21 days cyclosporine (CsA; 10 mg kg −1 day −1 ), (III) ALS (2 doses) + 21 days CsA + topical tacrolimus once daily. The endpoint of the study is grade 3 rejection, defined by epidermolysis, or 100 days (longterm survival). Biopsies of skin, muscle, and bone were taken for immunohistochemistry and hematoxylin and eosin staining. Results All animals in Group I (n=7) developed grade 3 clinical rejection by postoperative day (POD) 9, similar to controls without treatment. The mean onset of grade 3 rejection was POD 40 with a range of 34-44 in Group II n=7). In Group III (n=6), two animals developed grade 3 rejection on POD 35 and 56. The remaining four experimental animals reached the 100-day endpoint without grade 3 rejection (Fig 1) . Conclusion This study demonstrates the feasibility of maintaining a CTA on topical tacrolimus therapy alone after induction therapy. The induction protocol in this model mirrors what is currently performed clinically where recipients undergo lymphoid depletion before organ transplantation, followed by systemic immunosuppression. Preoperative depletion of T cells with ALS, along with a short course of systemic immunosuppression, prevents acute rejection, while topical tacrolimus may inhibit immune cell activation and multiplication in the skin component of the CTA. This novel regimen could reduce or eliminate the morbidity associated with systemic immunosuppression in clinical CTA.
Local Immunotherapy Inhibits Skin Rejection in Composite Tissue Allotransplantation
Rate of Reoperation After Digital Replantation and Revascularization Surgery in a Designated Provincial University Replantation Program
Institution where the work was prepared: Centre hospitalier de l'Universite de Montreal, Montreal, QC, Canada Valerie Lemaine, MD; Geneviève Landes; Patrick Harris; André Chollet; Youssef Tahiri; Andreas Nikolis; Université de Montréal, Hôpital Notre-Dame
Purpose The Quebec Provincial Replantation Program is comprised of a core group of 12 microsurgeons who cover the entire province of Quebec, Canada for all microsurgical emergencies (n=120 patients/year). The impetus for the creation of the program included centralizing surgeon expertise to one designated center, increasing the surgeons' exposure to infrequent surgical traumas, and developing and refining protocols for this trauma population. As our outcomes for successful replantation or revascularization have reached approximately 90%, our next step in the evolution of the program is the evaluation of secondary procedures.
Further surgery after digital replantation or revascularization is frequently necessary in improving function, this in conjunction with a tailored rehabilitation program. The goals of this study were, first, to determine the rate of reoperation in a unique patient population, second, to identify the type and frequency of procedures performed, and, finally, to establish which factors predisposed patients to reoperation. Method An observational study was conducted from April 2004 to March 2005. Patients who underwent successful digital microsurgery were included. Data were abstracted from hospital and office charts, as well as through patient interviews conducted in the follow-up period. Informed consent was obtained from all study participants. Results A total of 68 patients who suffered hand trauma requiring digital microsurgery were included. The combined digital survival rate in these patients was 88.9%. Twenty-five of these patients (41.7%) had one or more secondary procedures. Secondary procedures in patients who had successful digital microsurgery were divided into an early group (<2 months after the initial surgery) and a late group (>2 months after the initial surgery). In the early group, approximately half of the procedures were performed for anastomotic problems (all within 10 days). In the late group, 37.5% of procedures were bone-related surgeries for functional improvement, followed by joint-related procedures (25%). Avulsion injury, multiple-digit trauma, and zone II injuries were significantly associated with a higher rate of reoperation. No significant association was found between the incidence of secondary procedures and smoking, alcohol consumption, patient age, or the digit traumatized. Conclusion This study reports a rate of reoperation of 41.7% within 24 months after successful digital microsurgery, which is comparable to published data. Early procedures were predominantly emergency surgeries for anastomotic problems, while late procedures were mainly bone grafts and arthrodesis for functional improvement.
Survey of the Current State of Upper Extremity Replantation in North America
Institution where the work was prepared: University of Texas Southwestern, Dallas, TX, USA David W. Mathes, MD 1 ; Dan Hatef 2 ; Michel Saint-Cyr 2 ;
(1)University of Washington, (2)University of Texas Southwestern Medical Center Introduction Replantation is the standard of care for treatment of selected upper extremity amputations. While many technical steps central to successful replantation have been standardized, significant variations in their management exist. We sought to examine the frequency, success, and the technical variations in digital replantation performed at replant centers in North America. Methods In 2006, a three-page survey on the current management of upper extremity replants was sent to 58 centers that have an active hand surgery training program. Surveys were mailed to each program, and results were evaluated in a blinded fashion. The survey examined the preoperative, intra-operative, and postoperative managements of the upper extremity replants. Results Of the 58 surveys sent out, we received 31 responses (55.4% response rate). The majority of programs perform one to ten replants per month (84.6), while one program reported 31 to 40 replants per month. The success rate of these replants was high in all programs with 32% of them reporting 100% success rate. Sixty percent of the program surveyed stated that they were performing single digit replants (excluding thumb) with 17 of the programs replanting single digits amputated in zone 1. Most hand surgeons employed intra-operative heparin (96.2%), but the dosage varied. However, only 57.6% of the programs used postoperative heparin while an even smaller group (36%) uses Dextran. The most common method of postoperative monitoring was oxygen saturation monitoring (50%). Hand-held Doppler was used in only 26.9% of the programs. The majority of the centers keep their patients hospitalized for an average of 5 days (42.3%) and begin postoperative mobilization at 2 weeks (44.4%). Conclusion This survey indicates that variations in replant management mostly involve postoperative medical care. The liberal use of aspirin, vein grafts, and K-wire fixation were found in most training programs. The survey provides a cross-sectional assessment of digital replantation practices in North America and could provide the basis for further multi-institutional examination of what constitutes the best management of the digital replant. Introduction New protocols are needed for tolerance induction in composite tissue allograft such as a human hand. It is well documented that bone marrow transplantation induces donorspecific immune tolerance through the creation of mixed chimerism. Donor sensitization with the recipient bone marrow before transplantation is a new approach to induce immunotolerance. We demonstrated the effect of donor sensitization on the immune response to vascularized skin allografts. Methods Forty transplantations were performed in eight experimental groups of five animals each. Allograft transplants were performed between pre-sensitized ACI donors and Lewis recipients. In each experimental group, ACI (RT1 a ) donor rats were pre-sensitized with Lewis (RT1 l ) bone marrow (80×10 6 cells) 24 h (group I, III, V, VII) or 72 h (group II, IV, VI, VIII) before transplantation. In groups I, II, V, and VI, donors received αβ-TCR and cyclosporine (CSA) treatment therapy before transplantation. Animals in groups III, IV, VII, and VIII did not receive αβ-TCR. After groin flap transplantation, Lewis (RT1 l ) recipients in groups V, VI, VII, and VIII were under a 7-day protocol for αβ-TCR and CSA. Recipients in groups I, II, III, and IV did not receive any kind of immunosuppression. Before transplantation, bone morrow cells (BMC) were stained with PKH dye to evaluate migratory process of donor BMC. Assessment included flap viability, flow cytometry for donor chimerism, and immunohistochemistry. Results In the control groups, VSA were acutely rejected within 5 to 9 days. The mean survival of VSA was 82 days in group V, 73 days in group VI, 75 day in group VII, and 54 day in group VIII. Donor-specific chimerism in peripheral blood was estimated by presence of T and B cells. Total chimerism levels for group V at days 7, 21, 35, and 63 were 4.93%, 1.75%, 2.46%, and 1.45%, respectively, and group VI 3.6%, 2.37%, 1.87%, and 0.48%, respectively. Chimerism levels for group VI (24 h after bone marrow transplantation) at 7th, 21st, 35th, and 63rd were 3.92%, 1.26%, 1.64%, and 1.42%, respectively, and, for group VIII, were 4.82%, 2.29%, 2.37%, and 2.25% at respective days. Conclusion Donor sensitization with recipient bone marrow (BM) modified the recipient's responsiveness to VSA. This study proved that immunomodulation is not required for donor pre-sensitization, however is mandatory during allograft transplantation. Significant extension of skin allograft survival is encouraging and, in future boosting dosage of BM, may facilitate tolerance induction in composite allograft allotransplantation.
Pedicled Radial Artery Removal Does Not Compromise Palmar Microcirculation Among Arteriosclerotic Patients
Institution where the work was prepared: Hannover Medical School, Hannover, Germany Karsten Knobloch, MD, PhD; Sandra Tomaszek; Marcus Spies; Kay H. Busch; Peter M. Vogt; Hannover Medical School Background Radial artery forearm flaps are used for reconstruction of soft tissue defects. However, the functional consequences of removing the radial artery for hand perfusion remain unclear. Therefore, we determined palmar microcirculation in a long-term follow-up among arteriosclerotic patients after removal of the radial artery for revascularization. Methods A total number of 114 patients (100 males, 61.7± 6.7 years) were included undergoing elective coronary revascularization using the radial artery of the nondominant forearm with nonpathological Allen test. Palmar microcirculatory mapping was applied regarding capillary flow, finger tip oxygenation as well as postcapillary venous filling pressures throughout both hands at a mean 25±5 months after removal of the radial artery using combined noninvasive real-time laser Doppler flowmetry and spectrophotometry (Oxygen-to-see, LEA Medizintechnik, Giessen, Germany). Results Only 2/56 positions revealed a difference beyond a 5% threshold 25±5 months after radial artery removal. Superficial capillary blood flow decreased by 13% at the hypothenar eminence (242.0±153.6 vs. 275.6±169.2, p=0.009). Deep postcapillary venous filling pressure (8 mm) was significantly increased by 9% only at the fingertip of the fifth finger (112.4± 49.7 vs. 103.0±25.0, p=0.033). No clinical signs of malperfusion were found after radial artery removal, and no patient was impaired in his daily palmar motor activity. Conclusion Pedicled removal of the radial artery does not compromise superficial or deep palmar capillary blood flow, finger tip oxygenation, or postcapillary venous filling pressures in a long-term perspective in arteriosclerotic patients. No clinical relevant signs of malperfusion or any deterioration of palmar motor function was encountered. The blood flow via the ulnar artery and the interosseal artery compensates palmar perfusion without microcirculatory deterioration even more than 2 years after removal of the radial artery. Patients were excluded if their surgical record could not be found. There were 709 women and 381 men. Anomalies were categorized by those involving the median nerve, anomalous muscles or tendons, and aberrant arteries or veins. Anomalous nerves were often seen in the presence of anomalous fibers of thenar muscle that crossed the midline of the palm. In each case, the nerve was dissected back to the main trunk of the median nerve. When the nerve could be traced to the median nerve in the distal 25% of the carpal canal, limited open release using a knife and guide proceeded in a typical fashion. Otherwise, we performed a formal open carpal tunnel release tracing the motor branch until it rejoined the median. Results Of the 1,091 carpal tunnel releases, 66 (6%) showed aberrant anatomy of the motor branches, muscle, or a combination of motor branches and muscle. The anomalies included 35 (54%) transligamentous aberrant motor branches of the median nerve, 1 (2%) subligamentous aberrant motor branch, 1 (2%) intraligamentous anomalous nerve branch, and 1 (2%) median nerve was aberrant to the radial leaflet. Of the other anomalies found, 34 patients (52%) had anomalous muscles, 8 (12%) hands contained an aberrant motor branch and anomalous muscle, 1 had a palmaris longus tendon within the carpal canal, and 1 patient (2%) had an aberrant median artery and vein passing superficial to the transverse carpal ligament. Sixty-five of the procedures were able to proceed safely through a limited-open approach using a knife and guide designed to facilitate limited open release. One procedure, where the aberrant motor branch was intra-ligamentous, required conversion to an open release. Summary In our experience, most aberrant branches of the median nerve split the distal fibers of the transverse carpal ligament on the ulnar side of the median nerve and cross the field to enter the thenar musculature. In all but one instance, the nerve could be safely dissected through the small distal incision, allowing the release to proceed via a limited-open approach.
AAHS Outstanding Nerve Paper Presentations
Efficacy of Endoscopic Cubital Tunnel Release
Institution where the work was prepared: Orthopaedic Specialists, PC, Davenport, IA, USA Tyson Cobb, MD 1 ; Jon Lemke, PhD 2 ; Jennifer Tyler, PA 1 ; Patrick Sterbank, PA 1 ; (1)Orthopaedic Specialists, PC, (2) Genesis Medical Center Hypothesis Endoscopic cubital tunnel release is as efficacious as open release based on resolution of preoperative paresthesias in the ulnar nerve distribution. Methods Records from 113 consecutive cases of endoscopic cubital tunnel releases performed in 99 patients were retrospectively reviewed. Patients were queried as to the presence or absence of numbness and tingling in the ulnar nerve distribution. There were 104 of the 113 cases of endoscopic cubital tunnel release who had preoperative paresthesia. The nine who did not have preoperative paresthesia underwent the endoscopic cubital tunnel release as a prophylactic measure because of the nature of concomitant surgery. Preoperative severity was classified using Dellon's classification. Two control groups (submuscular transposition and simple decompression) were formulated from a meta-analysis of published reports. Logistic regression was used to compare resolution rates of paresthesia after endoscopic versus open cubital tunnel release while controlling for Dellon's scores. Results Of the 104 cases, 42 (40.4%) received endoscopic cubital tunnel release only. Concomitant surgeries included 49 (47.1%) endoscopic carpal tunnel releases, and the other 13 surgeries included trigger finger releases, elbow arthroscopy, and mass excision. Evaluation based on Dellon's classification revealed 5 cases of mild, 41 cases of moderate, and 58 cases of severe cubital tunnel syndrome. There was resolution after endoscopic cubital tunnel release in 100.0% of mild, 80.5% of moderate, and 65.5% of the severe cases. In the simple decompression control group, paresthesias resolved in 91.1% of mild, 60.8% of moderate, and 33.8% of severe cases. Controlling for Dellon's scores, the odds ratio was 3.38 [p< 0.0005: 95% CI(1.81, 6.30)], significantly favoring endoscopic carpal tunnel release surgery over the simple decompression. In the submuscular transposition control group, paresthesias resolved in 74.1% of moderate and 55.5% of severe cases. There were no mild cases available for evaluation in the meta-analysis. This difference was not statistically significant (p=0.54). There were three failures in the endoscopic cubital tunnel group. These were in severe cases. Perioperative complications included one case of cellulitis, three wound dehiscences, and one hematoma. None were in mild cases, one was in a moderate case, and the other four in severe cases. All of these resolved with nonsurgical outpatient treatment and did not adversely influence outcomes. Summary Endoscopic cubital tunnel release is as efficacious, as hypothesized, and superior to literature controls for simple decompression and may be as efficacious as literature controls for submuscular transposition based on resolution of paresthesia in the ulnar nerve distribution.
AAHS Poster Presentations
Management of Open Wounds with Exposed Vital Structures
Institution where the work was prepared: UMDNJ-New Jersey Medical School, Newark, NJ, USA Ulysses Scarpidis, MD, MPA; Ramazi O. Datiashvili, MD, PhD; UMDNJ -New Jersey Medical School Primary wound closure in extremity replantation is frequently impossible because of significant post-ischemic and posttraumatic edemas and/or tissue loss. In many instances, despite local tissue rearrangement, there remain open wounds with exposed vital structures such as repaired vessels, nerves, and tendons at the site of replantation. This threatens the survival of replanted segments as well as the functional outcome of the surgery. Immediate skin grafting of these wounds risks thrombosis of the vessels, creation of neuromas, and tendon adhesions. We report our experience in managing post-replantation open wounds with exposed vital structures using a biosynthetic skin substitute (Biobrane, Bertek Pharmaceuticals, North Carolina, USA) and subsequent skin grafting of the wound. This experience is based on two cases of forearm replantations and one case of thumb replantation. All replanted segments survived, and patients have good long-term functional results. Our experience shows that temporary wound closure with biobrane provides reliable protection of vital structures, prevents thrombosis of the vessels, and prevents tendon adhesions. It facilitates in the formation of a fine granulation tissue envelope around these structures providing optimal conditions for subsequent skin grafting of the wounds without interfering with vital structure function.
Large Fragment Coronal Split Fractures of the Hamate
Institution where the work was prepared: Naval Medical Center San Diego, San Diego, CA, USA Eric Hofmeister; Leo T. Kroonen; Michael G. Clarke; Naval Medical Center San Diego Introduction Coronal split fractures of the hamate are rare injuries caused by axial loads, often as a result of a clenched fist striking a solid object. Only case reports and small case series are found in the literature. The purpose of this study was to examine the methods of diagnosis, treatment, and outcomes of a cohort of seven patients with this rare injury.
presented. All patients were treated using a multidisciplinary approach and underwent preoperative, neo-adjuvant chemotherapy. Surgical management included wide resection and vascularized or nonvascularized fibular autograft reconstruction with fibulo-capitate fusion. Serial radiographs and adjunct imaging studies were reviewed for tumor staging, progression to union, and hardware complications. Chart review was performed to define patient demographics, preoperative chemotherapy regimen, tumor response, surgical margins, postoperative complications, tumor recurrence, metastatic disease, and patient satisfaction. We determined that an osteosarcoma of the distal radius is rare and that misdiagnosis is common. A successful outcome defined by a functional limb, patient life expectancy, and high patient satisfaction is feasible with a multidisciplinary treatment strategy of neo-adjuvant chemotherapy and wide resection with fibula autograft reconstruction.
Sclerosing Therapy and Eccentric Training in Flexor Carpi Radialis Tendinopathy in a Tennis Player
Institution where the work was prepared: Hannover Medical School, Hannover, Germany Karsten Knobloch, MD, PhD; Peter M. Vogt; Hannover Medical School Tendinopathy of the flexor carpi ulnaris tendon is a rare entity. Recent research revealed the role of a neurovascular ingrowth at the point of pain in various tendinopathic locations, such as at the Achilles and patellar tendon, in plantar fasciitis as well as in supraspinatus and tennis elbow tendinopathy. However, beyond the elbow, no such neovascularization has been reported yet. We present a 35year-old tennis player suffering tremendous pain (Visual Analog Scale for Pain [VAS] 9/10) at the flexor carpi ulnaris tendon with adjacent calcification in close proximity to the pisiform bone. Laser Doppler flowmetry incorporated in the Oxygen-to-see system (LEA Medizintechnik, Giessen, Germany) revealed an increased capillary blood flow in 8-mm tissue depths at three distinct positions at the distal flexor carpi radialis tendon in 1-cm distances in contrast to the healthy contralateral side (from distal to proximal: 146/240/232rU at the symptomatic side vs. 93/ 74/70rU at the asymptomatic side). Tendon oxygen saturation was slightly elevated at the corresponding three symptomatic vs. the asymptomatic positions (81%/79%/ 88% vs. 66%/65%/67%). However, postcapillary venous filling pressures at the flexor carpi ulnaris tendon were within the same range (46/39/50rU vs. 38/55/41rU). Using combined power and laser Doppler spectrophotometry, a targeted sclerosing therapy was performed using 0.25% polidocanol in 0.1-ml titration volumes at the area of neovascularization until resolution of the flow signal using the power Doppler, which was achieved with 1.5 ml of polidocanol. Capillary blood flow using the Oxygen-to-see system declined immediately at all three positions in the flexor carpi radialis tendon (113rU vs. 146rU [distal], 219rU vs. 240rU [middle] , and 175rU vs. 232rU [proximal] ). Tendon oxygenation was slightly elevated after sclerosing from 81%/79%/88% to 97%/99%/91% associated with slightly elevated postcapillary venous filling pressures by 20%. Pain immediately after the initial sclerosing was decreased to 4/10 with further resolution of pain after a 12-week interval of daily eccentric training of the forearm muscles using the Thera-Band® Flex-Bar® for eccentric training with 6×15 repetitions per day to VAS 0/10. Neovascularization is evident beyond the elbow at the wrist level such as in flexor carpi ulnaris tendinopathy. Power Doppler ultrasound associated with quantitative combined laser Doppler and spectrophotometry are capable to detect the area of neovascularization in flexor carpi ulnaris tendinopathy, where selective sclerosing therapy using polidocanol was performed. Immediately after sclerosing therapy, the patient's pain level was reduced by 50% with further reduction within the next 2 weeks. Painful eccentric forearm training was initiated for a substantial and sustained modification of the wrist tendons. Introduction High-quality patient care and smooth integration of junior trainees into a plastic surgery department are issues during the changeover periods of plastic surgical trainees. This study aims to address both of the above issues with a wellstructured, clinically orientated induction program in plastic surgery. Materials/methods A half-day induction program, which includes history taking and clinical examination, management of common plastic surgical emergencies, and consultants' preferences of dressings and suture materials, was held at week 2 since the start of job in our department. Surgical trainees (n=10) were asked to answer a set of clinical and nonclinical questionnaires before and after the induction program. Results It was clinically useful and essential to include clinical components in the induction program (p<0.05). There was a significant improvement in term of approach and management of common plastic surgical emergencies before and after the induction program (p<0.02).
Conclusion A well-structured and clinically orientated induction program ensures not only effective integration of surgical trainees into a surgical unit but also improves the effectiveness of the management of plastic surgical patients.
Crystal Deposition Disease Masquerading as Stenosing Tenosynovitis and its Associated Sequelae
Institution where the work was prepared: Baylor College of Medicine, Houston, TX, USA Cara R. Downey, MD; Jamal M. Bullocks, MD; David Dice, MD; David T. Netscher, MD; Baylor College of Medicine Extra-articular crystalline deposition secondary to gout, and less commonly, pseudogout, is a well-known phenomenon. Tophaceous deposits into the soft tissues are the manifestation of biochemical metabolic derangements. Despite this well-documented entity of extra-articular deposition, there have been few reports of infiltration of the flexor tendon sheath of the hand. In this paper, we present a case series of this unique occurrence, including surgical techniques, pathology and the clinical outcomes of five patients treated at the affiliated hospitals of the Texas Medical Center at Baylor College of Medicine in Houston, Texas. Between the years 2002 and 2007, we encountered two cases of calcium pyrophosphate and three cases of uric acid deposition into the flexor tendon sheath masquerading as common tendonopathies. These include cases of carpal tunnel syndrome, non-suppurative flexor tenosynovitis, trigger finger, and attrition rupture of the flexor tendons. While most patients presented with a known history of metabolic disease undergoing standard medical therapy, one case marked the initial presenting symptom of the disease. Although medical therapy is the cornerstone of treatment for diseases that result in crystal deposition, these cases emphasize the potential need for surgical therapy in the armamentarium of their management. This case series demonstrates the importance of inclusion of crystal deposition into the flexor tendon sheath in the differential diagnosis in patients that present with uncharacteristic symptomatology of common flexor tendonopathies.
